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- / 
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The New Mexico Solar Energy Association 

Finally,- the two most important persons: 

Lisa Gray Fisher who put all our/drafts together on her desk and pulled out a book. 
As a-reborn greenhouse farmer, she also wrote much of Chapter VI. 
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feed and care for,two infants,, order materials, teach physicists how.. to nail lum- 
ber, plan a garden layout and calm a hyper husband.' 

/■' 

I / 

In Chapters 1 through -Vi, tlVe illustrations were done by Rick Fisher and photographs 
by Bill Yanda unless otherwise noted. 
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INTRODUCTION 



^ First, a definition is in-order, as there is some conFusionWeated by the term "solar 
greenhouse/' The confusion is understandable since, by definition, all greenhouses are in 
fact, solar. However, traditional greenhouse design has rarely been\concerned with the most 
effective use of the -sun's energy* Those described in. this book\are. In their design and 
operation, we have incorporated three basic elements: 

1. The most efficient, collection of solar energy. 

2. The storage of solar energy. - 

3.. The prevention of heat loss during and'following collection periods. ; 
By attention to those elements, we reap the following benefits: 

1. Surplus thermal energy pi^-tteedHn^mter-which can be used immediately in an 
adjoining structure or stored for later use. 1 

2. Independence from mechanical heating and cooling devices powered by fossil fuels. 

3. Utilization of an optimum amount of insulation and thermal storage on an efficient- 
cos t-e f fe c t i ve n e ss basis. . 

This book, the designs and the subsequent benefits jnvoT\%^ atteeintiYom a basic con- 
cern with people's relationship to their environment and the forces within it. Working on 
the premise that one basic environmental problem is centered around misuse of energy, we 
realized that, while niany -people wish for alternative systems, the success of such systems 
is totally-dependent on the individual's ^©rirmitment to the system coupled with an under- 
standing; of what makes i't worl^. That means you, and we want you to know exactly what's 
involved in building and'maintaining your own solar unit. 

In the following pages, we've shown methods which can be used to make an appre^i- 
^ble addition to the quality of your life through a closer involvement with your food chain, 
fresher (and cheaper) vegetables, a Tree source of partial heating for your house, a more 
realistic integration with the cycles of the sun, the seasons, the weather and th^ world, ancf 
independence from corporate energy and food games. Whether or not you actually build 
a greenhouse depends on many 'factm^^aeeT^oTTomics, appropriateness to your loca- 
tion and determination, to naniej few. But even ifjyou don't build, reading this book 
can deepen and enlarge 5 your understanding of your ienvironment and your relationship 
with it. 

This book gre~w out of the Solar Sustenance Project and that in turn grew' out of a 
basic concern with the matters mentioned above. The Project was a modest ($15,000) 
attempt to see if a sensibly designed attached; greenhouse(s) could lengthen the pitifully 
short growing season in the mountains of northern New Mexico: The Project also had the 
goal of finding out how much, if any, heat produced by the greenhouse could be used by 

1 ' > . 
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thb adjoining home. 1 ^ . 

■ When we began the Project, some engineers*and architects insisted that our simple 
greenhouse wouldn't lengthen the growing season even a week. We were told by others that 
the 90 degree heat produced by thermits was virtually useless. Fortunately, we didn't listen^ 
to them. To balance the negativism of the cynics, we dicj have the support of many people 
in the field: Keith Haggard and Peter Van Dresser of Santa Fe, T.A. Lawand of the Brace 
Institute in. Quebec, and several of the people mentioned in Chapter VII. ' 

I Through the Solar Sustenance Project, we provided eleven solar greenhouses for low- 
income families Scattered 'throughout the New Mexico hills. We attached them to the side 
of any structure we could tie-in with and that wouldn't blow away in a good wind. Some; 
of the families looked on them and us as more of a] curiosity than a functional addition to 
their homes. That was before. Now, w-e get universally positive reactions from owners, 
tourists and interested bystanders. : •, 

Our work on the project and on this book is founded on two principles: the first 
that food production should be a low-energy process. The process is begun by growing 
as much as you can at home, avoiding anything that requires more units of energy to 
produce than it contains. For that reason, highly-controlled, close tolerance food produc- 
tion techniques relying on outside energy sources to maintain them are not included in our 
work. - • r 

The second principle is that greenhouses and other habitable structures- shouTcT be de- 
signed to make maximum use of natural energy flow and to make minimum use of fossil 
fuels. This means designing a "passive" structure with proper orientation, thick walls (high 
mass) and good insulation. This is not a new idea7but it is being re-examined today in the 
light -of present technological capabilities. While a passive structure delivers obvious bene- 
fits, it also demands a-great deal more thought, design work, labor and care in building. 

In many ways the passively designed structure is in direct opposition to the current - 
American, mode of liyjng. It's not temporary by nature. The temperatures fluctuate -it 
doesn't remain 72 degrees night and day: the structure itself has a '"thermal -momentum" 
that is much like the physiological'" processes of a,- human body, charging and discharging, 
inhaling and exhaling. Most importantly, a well-designed passive structure doesn't depend 
on a constant supply of energy to keep it liveable. The building uses the sun as the JEarth 
does, only better. - \ „ 1 ' , 

Although the units w^-'ve presented are designed specifically for the dry, high-altitude, 
high-siinshine Rockies, the principles which make them work are valid anywhere in the 
world. Depending on where you live, you may need to increase the performance of your 
unit through modifications in design or addition of more sophisticated heat collection and 
slbrage systems'. For those to whom this applies, we've presented^ wide range of such im- 
. provements in Chapters V and VII. 1 

If you decide to build and operate a solar greenhouse of your own, you will be joining 
a group of experimenters in what is still an infant science. You do not need to be a scientist 
to participate. All the principles involved are elementary and logical. Their simplicity makes 
the benefits derived from becoming an active member of the solar community easily access- 
ible to you. Welcome. - „ ' ~* 

2 ' 



CHAPTER I The Greenhouse Biosphere 

v * ■ 



The concepts of environment and ecosystem have been around for a long time, but 
only in the past few years have these ideas become part of the»public awareness. Many of us 
only realized the prp found implications of these concepts when we saw the first photo- 
graphs of the earth taken from space by the astronauts. The earth is indeed a closed sys- 
tem, one that must sustain itself through a harmonious balance of its elements. 

When you build your greenhouse, you will be creating a very special space, an earth 
in microcosm. You will control the character of the space to a great extent. Your imagina- 
tion and design will determine how well the natural life force sustains itself and what you 
derive from it in return. You are, in el feet, producing a living place that will grow and evolve 
with a life force of its own. 

The special environment that you will create is called a biosphere. Webster's defini- 
tion of a. biosphere is: "A part of the world in which life can exist;. .living beings being to- 
gether with their environment." As a living fencing, you are an essential element in maintain- 
ing your biosphere. Sowing seeds, nurturing the earth,, watering, fertilizing plants and soil, 
and controlling the temperature and humidity will be your contribution to the biosphere. 
The greenhouse will reward you with the personal fulfillment of living within the cycle of 
growth. 




FIGURE 1 
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Biospheres vary greatly in the number of their components and life systems, depend- 
ing upon the interest, time and energy invested in them. A simple, easily maintained exam- 
ple would consist of a small structure with a few planting areas. Closely related, hardy varie- 
ties of vegetables and/or flowers would be chosen for cultivation. As their needs are similar, 
they wou-ld not require a great deal of time or attentidfi. You may, however, prefer the role 
of maintaining a complex biosphere containing a wide variety of life forms. Some experi- 
mental units of this type combine plant growth (soil or nutri-culture) with the production 
of animal protein in the form of fish and rabbits. These systems attempt to achieve a sym- 
biotic balance between the various organisms, using the by-products and waste of each ^o 
support the'other. The more complex environments may also employ wind generators' to 
power independent heat collectors, sophisticated storage facilities and other improvements 
(Chapter VII). These systems obviously demand much more time, attention and a strong 
interest in experimentation. 

As a living space, your biosphere will grow and affect things around it. If it is attached 
to your house or another'structure, an interaction between the two will occur* The condi- 
tions that develop in the greenhouse will be shared with an adjacent room or building in 
the forms of heat, humidity and the exhilarating fragrance of growth. In addition to pure 
sensuous delight, benefits can be realized in an economic sense as well as through a reduc- 
■ffon in heating costs and food bills. The changing moods of the life syst^mi will soon be- 
come evident and you may find yourself reacting to them much as you would to a human 
personality. 
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FIGURE 2 
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Along with these rewards are the health benefits that you will enjoy. Greenhouse-fresh 
produ ce, especially if it is organically gro,wn, can be far superior 'to its supermarket counter- 
part.. Commercially produced foods rniy contain harmful chemicals, and in manyxases lose 
smich of their food value during the 7 days they are in transit and on the shelf. Not only will 
youKbody welcome the added nutrition of home-grown produce, but you. will also exper- 
ience ah unbelievable iacie^ase in flavor from the fresh vegetables. The environment of the 
greenhouse can also produce a feeling of well-being and tranquility.- It may become a spiri- 
tual refuge from the ©utside world. 

Perhaps the most dynamic aspect of your newly created biosphere is its relationship 
to th'e life force outside of our earth's environment— the sun. -Solar energy affects every 
facet' of- life and change on earth. The sun produces moyement'in the atmosphere, water 
and land masses. /ft acts i]pon the earth's orbit and seasonal- changes. Its waves of visible 
and (invisible er/ergy are the basis of all growth and life.^This awesome force will be the 
'medium through which you woTk. You wiil^colle£t its-fijieigy, contain and store it, alter 
ai|d' direct it in the way most beneficial to the suppbrt jtft your biosphere, f he sun will com- 
bine wifn air, .earth and water to produce the fifth essential element in the greenhou'se, 
plaflrj/life. In the management of vour biosnheBf^ vnnr'rnle will he tn mmnlptp thic fivp- 
sided cycle. 
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CHAPTER II 



The Dependence Cycle 



The mass-market age is the mass-dependence age. Dangerous aspects of the depend- 
ence cycle are self-evidenL Dependence is addiction. Whether it's a dock loader's strike 
in Philadelphia or a two cent junfpla Hie pcr-gallon price of gasoline, the result is the same. 
Changes are made in your life, usually fdr-the worse, without your having any say in the 
matter. Urbanization is part of this cycle; specialization in employment is as well. Hveryone 
in this country has felt the effects of this situation and suffered som^af the consequences. 
When those consequences affect basic life functions, it becomes a serious proKlelrrrThe 
question is, "How do you break the dependence cycle?" 

Going back to the land is one method, but for the majority of people, those who live 
and work in urban areas, this isn't a viable alternative. Rural life isn't everyone's dream and 
it's difficult, to say the least, to turn a 40' 'x 80' city lot into a self-sufficient farm. But 
one doesn't need to be entirely dependent on the system, 'A. greenhouse nrakes it possible 
lo grow a substantial amount of food in a very small area. Moreover, itlengthens the grow- 
ing season tremendously in most parts of the country as well as protecting crops from dam- 
age by hail, wind and animals. • ' 

In order to prevent trading dependence' on one part of the cycle for another, a basic 
rule of thumb is to make a careful evaluation of how much energy goes into food produc- 
tion from seed to table, then compare that with the amount of energy' tlmt comes out of 
the food to an animal or person. Think about how much energy it takes to grow, harvest, 
pack, store and ship the lettuce in your salad and you'll quickly see what that means. 
Consider gasoline and oil for tractors and trucks, energy expended to drill that oil, to trans- 
port roughnecks to the oil fields, to generate thcelectricity used in supermarket freezers 
and lighting, and on. And on. It adds up. Obviously a thoughtful long-range food/energy 
view takes production techniques into consideration, giving top priority to L 1ow-energy-in, 
higli-energy-out". approaches. , 

Again we come back to the family or community-operated greenhouse. It's hard to 
find a better example. It short cuts the entire process. The family that grows a head of 
lettuce realizes a measurable petro-chemical savings. Shipping costs are eliminated. Food 
is eaten fresh from the earth; no processingior packaging costs are involved. And it is pro- 
duced by human labor without machine ( purchase, operation and maintenance) expenses. 

Aside from economic benefits, there j is always the fact of quality food, fresh and 

I * 

healthy with amazingly good flavor. The pjleasure of raising your own food ecologically 
and a feeling of self-reliance are additional j rewards. 

For; all the above reasons, private greeijihouse sales have increased tremendously. The 
problenr.with buying prefabricated greenhouses or plans is that they were designed without 
regard for the specific climate and solar conditions in your region, and they weren't planned 
for your site or your house. In fact, the majority of prefab greenhouses are designed as 
free-standing structures and demand additional fossil fuel in winter. Rather than adding 
heat to your home, they actuallyniicrease your consumption of fuel. 



While we obviously haven't been able to see your home or your site, we've provided 
enough basics along with design modifications and information on how to use them, that 
you'll be able to use this book, save some money, understand why your greenhouse is 
working,and-best of all, end up with a life support system custom desigj^i for your home. 



CHAPTER III 



The Design 



PRINCIPLES 

The principles involved in the dynamics of a solar greenhouse are shared by all solar 
applications. Factors that apply specifically to an attached greenhouse will be discussed here. 

Solar Radiation. In the context of a^reenhouse, radiation or insulation, is energy that 
arrives from the sun in the form of short waves. Its intensity and duration are affected by 
a multitude of factors (latitude, smog, time of day, etc.). 

Radiation; Heat energy is reradiated in the form of long waves from objects that sunlight 
strikes. These long waves heat objects and air molecules in the greenhouse and do not read- 
ily return through the glazed (glass and fiberglass) surfaces. This is known as the ""green- 
house effect. " « t 




FIGURE 4 



Collection. This applies to the gathering of radiant energy that falls on an'o'bject. The green- 
house may be considered a solar collector for the house. For the purposes of this book, the 
terms collector surface or clear glazing and skin will refer to the clear areas of the green- 
house that transmit (pass through) short wave radiation. 

Angle of Incidence. This refers to the angle at which the sun's rays strike a collector surface. 
On any fixed surface this angle changes every moment of the year. Solar radiation is most 
effectively transmitted at an angle of incidence perpendicular ( normal) to the collector sur- 
face. Besides the angle of incidence, the amount of energy transmitted depends on the phy- 
sical properties of the skin ( i.e. , iron content in glass) and the number of layers in the gla/ing. 




FIGURE 5 

Storage. Solar energy can be stored directly in objects that it strikes. The amount of energy 
stored, the rateot storage and the rate of heat reradiated from the object depends upon the 
surlace texture, color, thermal mass (density x specific heat), conductivity of the material 
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and the temperature of the surrounding air. Common storage media used in a greenhouse 
are water, rocks and earth. We recommend two gallons of enclosed water or 80 pounds of 
masonry, (rocks, bricks, etc.) per 1 square foot of clear glazing. F or maximum effect, they 
should be visible to the winter sun. See Figure on the preceding page. 

Absorption. Dark, low-reflective surfaces absorb more total radiation than light, reflective 
ones. 

Reflection of light..As the north wall of an attached greenhouse is solid and does not trans- 
mit light, it is necessary to reflect (or bounce). some light from it in order to duplicate the 
naturally diffused light that a plant would receive outdoors. If this is not done. The plants 
can become abnormally phototropic, or light-seeking, and will not exhibit healthy growth 
patterns. In a freestanding greenhouse, the north wall can be tilted to reflect more light to 
the plants. 

Dark and opaque surfaces combined 
with heat storage are required in the solar 
greenhouse to absorb and conserve heat, 
while light and clear surfaces are essential 
for healthy 'plant growth. The solution to 
these conflicting needs is a compromise. 
Some surfaces will absorb while others will 
insulate and* reflect. The reflective areas can 
be placed. directly behind the plants on the 
north side of the greenhouse. The chart in 
Figure 6 shows the reflective properties of 
various flat surfaces in the visible ligh-t range. 

Heat lo^s. Heat moves to cold, regardless Of the direction it has to go. It is indifferent to 
"up"- or "down'', "inside" or "out." There are several types of heat loss to be concerned 
with in the greenhouse. One type is direct transfer, or conduction of heat from warmer, 
regions to cooler ones. In the greenhouse, heat energy from warm inside air will be 
transferred through the skin to the cooler outside air. The process is -slowed down by a ; 
"deadT air space between the glass or double glazings. Air pockets in fiberglas batt. styro-f 
foam, 'sawdust or other types of insulation-tsonstitute dead air space and are the primary 
insulators in most insulating materials. They slow down conductive heat losses but do not 
•s^top them entirely. The ability of.. a material to 'insulate is rated as an "R" factor. The high- 
er the "R" factor, the better the insulator. 

Nqcturnal or clear sky radiatldn is another source of heat loss. Warm earthly bodies lose 
their heat to the night (and day) sky. ..to space. Cloud cover, fog and haze are natural bar- 
riers to clear sky radiation losses. Smog is an unnatural, but effective, barrier. The loss oc- 
curs most rapidly through clear surfaces.' This is particularly important in the Rockies and 
throughout the Southwest on crystal clear nights. 

Convection is a third source of heat loss. An insulating barrier will4ose its efficiency 
if there is air circulation within it. The faster the air movement, the greater the heatloss. 
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Visible Reflectance of 
commonly used reflecting materials 



Material 



Reflectance (Percent) 



WHITE PUASTER 
MIRRORED GLASS 
MATTE WHITE PAINT 
PORCELAIN ENAMEL 
POLISHED ALUMINUM 
ALUMINUM PAINT. 
STAINLESS STEEL 



9 - 9 2 % 

8 - 9 % 

7 5 - 9 % 

6 - 9 0*Vo 

6 - 7 % 

6 - 7 % 

5 5 - 6 5 % 



FIGURE 6 



This circulation cannot be stopped entirely, but it can be cut dawn to preserve heat. You 
can think of conduction as heat moving through solids and convection as heat moving 
through fluids and gasses. 

Infiltration tosses are leaks -around doors and vents, or through cracks and sloppy 
joints. They allow rapid heat loss and cold drafts and cannot be tolerated in a solar green- 
house. Air leaks itre a major heat loss in buildings and the easiest ones to stop. 

Evaporation could be a major source of heat loss but it should not be an important 
factor in a properly watered greenhouse. In the summer, evaporation will be use^i to help 
cool-your greenhouse. 

" All heat losses are greater in the higher ( warmer) areas of the greenhouse, through the 
clear walls and around the perimeter of the structure. 



Air circulation. Heated air in the greenhouse rises and flows into a high Opening to the 
home. A low opening in the shared wall allows cool air from the house to enter the green- 
house for heating. Without any mech- 
anical devices this natural cycle will 
function continuously on any relatively 
sunny day (see this ligure as well as fig- 
ure 5 on page 10). Two additional bene- 
fits are provided <by this type of air cir- 
culation. The plants in the unit convert 
carbon dioxide into oxygen-rich air for 
the home, a«detinite health benefit tor 
the occupants. Also, in areas of the 
country with very low humidity^ tJuL 
J yf; figure 7 ■ added moisture from the greenhouse 

will be welcome in the home. The circulating pattern becomes better as the vertical distance 
between the high and low vents to the home is increased. Try to get a 6 foot vertical dis- 
tance between the high and low vents. The same is true with summer venting. The total 
square footage of exfermr 'vents should be about one sixth of the floor area of the green- 
house. The liigh -^'ent is one felfird larger than the lower one. The exterior door counts as a 
vent: Tor example! inm 160 square foot greenhouse \pc have: 




WARM AIR 
INTO HOME 



VENTS, 
WINDOWS 



COOL AIR 
FROM^HQME- 



Exterior- _ Low vent ( 16 inches off the ground) ]|x 2' 

High vent O to 8 feet off the ground)/2 x .V ; 
Door 3 x 6' 

Venting area 



4 square feet 
6 square J eet 
1 8 square feet 



!8 square feet 



Venting to the home doesif t have to be this large. (Iftmay be greater if there is a door/ 
window combinatio/1.) Try to have at least 4 square feet of low ofaehings and 6 square feet 
of-high openings for a greenhouse this size; Sc,ale up or down for your own application. 
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THE SITE 



The meaning of the term trade r;/'/'will become apparent when you begin to select a 

r 

site tor the greenhouse. All the conditions are not likely to be ideal, but it is important that 
positive factors are emphasized and detrimental ones kept to a minimum. 

The first step, in choosing a site is to determine how your home and property are 
aligned in relation to solar movement and other natural elements. Stand on the south side 
of your house. Where did the sun come up today? Where will it set? What wifl its rising and 
setting positions be on December 22nd and June 22nd (the solstices-) relative' to your south 
wall? WhaJ. are the prevailing winter and summer winds? 

Orientation. A solar-greenhouse requires at least a partial soitUie/n exposure. Find magnetic 
so tilth by using a compass. A survey map can tell you how many degree* east or west (de- 
clination) from your site .true south is. Add or subtract these degrees to find true south. The < 
magnetic pole roams around a bit, so try to' get a fairly recent survey map". When you estab- 
lish true south, determine how far from a perpendicular to south you rehouse wall is. This 
east-west axis will be the north wall of the greenhouse, and it can be as much as forty de- 
grees off true east-west without losing an appreciable amount of winter sunlight. If you 
find that you have no home wall tlunl is oriented within forty degrees*)!" the ejj^w^HixrsT' 
consider a corner location. If no acceptable Ix^aJkuiJ^TownTfTiTlKTmTng the house, then an 
independent structure must be planned. All of the natural considerations apply to inde- 
pendent as 'well as to attached solar greenhouses. Use the charts in Appendix A of this 
book as. aids in visuali/ing orientation; sun movement and obstructions at your location. 
They should prove helpful. The following twp sections will help you use them. 

Sun movement. The sun is 

constantly changing its path 
through the sky, dropping 
low on the horizon in the 
winter and rising to an over- 
head position in the summer. 
A solar greenhouse differs 
from most solar systems in 
that it is -not necessary to ob- 
tain the maximum intensity 
and duration of sunlight 
throughout the entire year. 
It should be designed and lo- 
cated so that it receives the 
greatest p o s s i b]_e_a mo unt and 
intensity of light during the 
winter, when daylight hours 




~t ' SUMMER SUNRISE 



f - Eat! 

il." S 1 .i l 

FIGURE 8 
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are few, and less light in the summer when overheating is a problem. The photoperiod\ 
(length of sunlight in a day) becomes particularly importarft for charging the thermal mass 
in the greenhouse during winter. Because the photoperiod is so short from October to 
March, both the plants and the heat storage features' of the greenhouse need every available 
minute of it. Designing in accojdance with sun moveip^nt patterns gives t&e solar green- 
house automatic advantages over conventional units for winter heating^nd summer- cooling. - 
This type of natural conservation has been widely neglected because of the availability of 
inexpensive heating fuels. However, pit and attached solar greenhouses were built in the 
late 1880's in New England and exhibited a- precise understanding and use of sun move- 



ment. 



The quality o'f light the. greenhouse receives at various times of the year'is also an im- 
portant consideration. In Santa Fe, New Mexicq, a winter morning is more likely yto be 
clear than a winter afternoon. Ivor this reason, it is advisable here to have a greate^jmioui 
of clear wall on the eastern side of the greenhouse thanj^m_ihf^AV€st^^ eastern 
clear wal,l makes sense in anVJoj^aJfi^Xhe-greeTTTfbl^ needs the early warming rays after a 
cold winjLejuiigktr^raan~T^^ page 8l) claims that morning "/is when the plants 

lo^their gfo^Vin'. Give them eastern light." 



Obstructions. Anything that blocks light from 'the* greenhouse may be considered an ob- 

struction. In examining an obstruction, its oriehjtation arid size are the two mcfrst important 

factors. Where is it in relation to the south face'M the greenhouse? How much of the time 

: < ' ' i , " ' . ' 

is it blockin£the sun and during what season? iA deciduous. (leaf shedding) tree that parti- 

. " < ! - " ' / ' 

ally shades the greenho^e from the late afternoon summer sun could be an aSset. A twenty- 
foot evergreen ten feet sou»th of the unit is a seriousi problem, The charts in Appendix A, 
page 139, can be useful tools in determining how much sun will be blocked at various times 
of the year. For best midwinter operation, no:' more than an hour or so of/midday sun. can 
be lost to obstructions. In urban areas the possibility of a neighbor planting a tree or addini 
another story to his home directly in front of your greenhouse'is some-thing that should bi 
considered. There is a great deal of legal research now underway pertainin/g to "sun rights.;' 
IT in doubt, check into th-is possibility before you begin. 

Your home may present a' sun obstruction on the east„or westsifde. While it Biigh 5 
block some of the light, particularly in the summer months, it will a/so be blocking the 
wind and acting as an insulating barrier against the elements. 

The important thing to> remember is that an obstruction can be k positive or negative 
factor. You can compensate for some obstructions by proper bed layout. In other cases, 
exterior reflectors can make up, in intensity and duration, for light blocked by an obsttuc- 
tion. Remember that whenever light is sacrificed, tlie performance of the greenhouse is 
altered. Try to achieve the full winter photoperiod and at least tgn hours of summer sun. 

Wind. The natural flow of prevailing winds can be used to your advantage in the design ol 

1 * * . _ . _ -.--a.- . ° 

the"grcenhouse.Tn many parts of the'country the summer-winter patterns will vary as much 
as ninety degrees. New Mexico has a pattern of winter winds from the northwest and sum- 
, mer breezes from the southwest. Bv mounting a low vent in the southwest corner of the 
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greenhouse and a high vent in the northeast, the prevailing summer winds are use 4 tl in natural 
pooling. ! . ■ i* • 

Another important matter is locating the exterior greenhouse entrance-on the opposite 
side of the prevailing winter winds. Iii this" way the entrance is partially protected from' 
drastic heat losses when opened in the cold period. This is. a necessity in a greenhouse that 
has no doorway to the home. 1 / 

Drainage. Adequate ^drainage away from the home and the greejihouse structure is essen- " 
tial. Most buildings are constructed with a gradual slope away from them for runoff. When 
the extra roOf area of the greenhouse is added, will this still be effective? Be sure to check 
the drains and gutters frornJjiejK)use_ar^ it may 

ssfbliT to^onnect to. existing drainage lines/Try tb have the ground runoff from the 
greenhouse follow the existing pattern of drainage. Some pick 'and shovel work may be 
necessary to facilitate this. 

Percolation, the rate at which water can flow downward through th£ soil, is particular- 
ly i important if you plaifto have ground beds in'the greenhouse. Although correct watering 
^roQ|dur^Would never allow saturation of the beds, accidents (such as leaving the hose on 
overnigfit) .do happen. When'soil conditions at the greenhouse site are not conducive to 
good percolation, you can add several inches of coarse sand or gravel to the ground level 
of the unit to aid drainage. Water accumulating under the floor is not beneficial to the. plants 
or the thermal tlyn amies of the greenhouse. It lessens the effectiveness of any insulating 
barrier. ^ . - 

Utilities. It is convenient to have'water and elee-tricity, available at the greenhouse site. A 
water faucet cuts ddwn^on the manual labor involved in hauling water to.thftt plants," but 
as plants in a-greenhouse do not require as much water as they would outdoors, their needs 
can be accommodated by hand. If a faucet is located at the site, plan to builcj if into the 
unit % in the spring and summer you can extend a hose through thedoor or vents for watering 
the outdefor plants.- It is also possible v to gel an adaptor for indoor water outlets and run a 
hose to th£ greenhouse through a door or window. ' ^ 

An electrical outlet^^e. .a water faucet, is- convenient but not essential. It is enjoy- 
■able to have light for nighttime-work, but difficultcto justify the expense of the electrical 
power needed to light the structure in terms of the additional food it could produce. 

Fans are very low power consumers and must be judged differently. In parts of the 
country such. .as the- deep^sOutif, they may be -a necessity for a successful year-round green- 
chouse. A fan woujjd be a great aid in any. area for moving warm 'air that the greenhouse 
produces in the winter into an adjoining home, thereby increasing the effect of the green- 
house as a -collector. JTe?e.. again, At might be possible to run an extension' cord into the 
/greenhouse and save^the expense of permanently wiring the structure. - • * 

The main point is this: leave or design provisions for utilities if it is convenient and 
not costiyto do so, but don't feel thaf,you have to have them in order to ^ave a successful 
solaTg^reen h ouse . 
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Openings to home. An attached greenhouse should have access to the house, ideally in sev- 
eral places. The reasons for this are both aesthetic and practical. If you find a south-facirrg 
wall that has a window and/or door that will be covered by the greenhouse, then you' are 
very fortunate and have just saved yourself a lot of work. lf\not, don't despair; the situa- 
tion can be remedied. o 

However, don't begin by punching holes in the wall of your home. This can be done 
at a much later date when you completely understand the air circulation patterns of the 
-greenhouse and the heat that it is capable of producing. At this stage you are looking for 
locationsJ^haXt/Qj}r^e«^^ house. 

A door from the home to the greenhouse allows easy access and integrates the two 
into a whole. A door from the kitchen to the greenhouse is particularly appealing and should 
tie utilized if possible.- Any windows between the structures are a delightful way of bringing 
the rich life forces of the greenhouse into the home throughout the year. 

if*'- 

Keep in mind the visual characteristics of the building materials. If you plan to use 
fiberglass-acrylic panels or polyethylene in the greenhouse, remember that they are trans- 
lucent, ndt transparent. Their visual appearance is rough-ly equivalent to that of a shower 
stall % door. This might be an important consideration if you have a view you'd -like to pre- 
serve. 

' Building codes. Building codes, inspectors and permits are strange inventions. Originally 
intended to be constructive, helpful devices, they "can be restrictive,, rigid and generally 
oppressive to innovative design work. The latest information in the code books about green- 
houses was probably written around 1940. In some regions, greenhouses may be considered 
"temporary" structures (like gospel show tents) and have virtually no restrictions on their" 
construction. In other areas, they may be subject to strict (and obsolete) codes. 

The best advice is to find a friend involved in construction and check up on the 
"mood" of the codes and inspectors jn your area! Quite possibly ,ithe local inspector will 
Be a, considerate aid in your piioject, giving valuable advice on the strength of lumber, 
foundation footings, and so forth. If you are in doubt about the local situation, follow the 
prescribed code to the letter. In the long run this will be cheaper than tearing the struc- 
ture down and doing it over. , • 
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EXTERIOR DESIGN 

The exterior designs we show will be based on a lean-to .or shed roof configuration, 
but the principles'involved are applicable to any roof shape or design. A shed roof offers 
the following advantage^ ' 

1 ) Construction problem s x are recua-Qed when working with standard lengths and 
angles. The fewer intersecting planes there are in a structure, the fewer junc- 
tions, the easier it is to sea\ The addition can be tied into the existing structure 

faTrTy^easiTy: 

2) Both .time and money a're saved by the design. The spans, openings and panels 
cair be; planned around the United States building standard (four-by-eight-foot), 
so there is little waste. Material purchases are easy to estimate. 

3) As •"■major exterior planes are limited to four or five large areas, heat gain/loss 
calculations are a' simple, straightforward process. When moveable insulation is 
utilized, the procedure of applying it is uncomplicated because you are working 
with large, flat surface! 

In choosing a site, try -to achieve' the following: 

1) Have a,s much south collecting area as is economically-feasible. 

2) Cover a long linear area of the house wall for storage and insulation. A long rec- 
tangular (east to west) greenhouse gains a greater photoperiod than a "boxy" or 
square design. o f 

X. 

A rule of thumb that has proven/successful in building solar greenhouses is to allow 
the length to be about Wi - 2 times the width. A size that has been fairly standard in the 
Solar Sustenance units is 16' long by 10' wide (foundation extremes). A greenhouse of these 
dimensions has plenty of growing space with some room left over for working and relaxa- 
tion areas. ' 

If the width of the greenhouse becomes much greater than 10 feet arid the pitch oi 
the roof is shallow, rafters heavier than 2 x 4's must be used and the expense of building 
increases. A narrow greenhouse has othef advantages in construction and in its therinal 
characteristic • ■ " , / 

In the greenhouse shown in the diagram (Figure 9, following page), the sun at noon 
will strike no higher than point "A" throughput the winter. You can plan to add any direct- 
gain storage below and south of it. A wider greenhouse ("E") would mean that the clear 
area on the roof ("C") would have to be increased, creating more clear surface for heat loss 
in the winter and heat gain in the summer. Note that on June 22nd the area north of point 
"B" will be in the shade during the ho.ttest part of the day. This ifieans that your thermal 



17 



FIGURE 9 



stojrage is out of the direct sunlight in mid-afternoon on summer days, when you don't need 
or kvant it heated. ' 

! The solid roof area of the greenhouse ("D") will be permanently insulated. The result 
will be a more even temperature range in the unit throughout the year. A partial sacrifice 
with built-in shading is that full light-loving plants (tomatoes, cucumbers, peppers) won't 
do- as well in the rear of the greenhouse during the sumnfie^period. You can compensate 
for this by planting them- in front. However, most flowers, snade-loving plants, and eool- 
Aveather vegetables will find the covered area^f the greenhouse acceptable. The loss of a 
little summer light is more than..returned in overall thermal performance in a correctly 
shaded greenhouse. s - 

Plan your design to allow the winter sun to strike well up on the wall ("A") of the 
greenhouse (five to seven feet). This will guarantee that appropriately one-third of the 
rear section will have partial shading in the heat of sumnier. The point on the rafters where 
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the insulated roof stops and : the.,clear roof begins can be determined by-.a cross section scale 
drawing using the information on the charts. (Appendix A, page -139). 



Angle of the south face. In the solar greenhouse,- you-are working for maximum efficiency 
of collection during the winter period and reduced Summer transmittance. To do that means 
that the angle of the south face should be close to/a perpendicular, called normal, with the 
average "solar noon" angle of the sun during/flie coldest months. In the northern hemi- 
sphere this period is mid-November tp.-midrFebruary. ■' »■ * 

If we average the winteT solar noon- angles in the contiguous U.S. we find that t/he 
optimum tilt for winter collection begins at' about 50° in the southern United States/and 
rises to 70° around the Canadian border. Remember, this is at solar noon; all othe/times' 
of the day the sun is at a lower altitude in the sky. The lower altitudes mean that' the col- 
lector tilt can be raised for better transmittance through the entire day. A formula Fve-used 
for establishing the tilt of the south face is the latitude + 35°. You can see that if you live 
north df 45 ° latitude, the^aftgle becomes very close to vertical. To have exactly the correct 
angle is not critical. The tilt of the glazing can be as much as %Q° off of normal and still 
not lose an appreciable percentage of light transmittance. = 

What is perhaps more important, is that a, steeply tilted south face is not normal to 
the summer sun. In other words, you don't ltave a huge clear area perpendicular to s the in- 
tense summer .radiation. The relatively small clear roof area of the shed designs (Figure 10) 
insures that you have less overheating problems in the warm months»The lafge south face 
at'a steep tilt is far enough off normal to reflect a substantial amount of radiation in the 
summer. ,,. 

There are other important consider- 
ations to ^jdetermjning the angle of the 
south face. If you are planning moveable 
insulation (rigid or curtains) on the clear 
surfaces, a vertical plane is definitely easi- 
er to cover than one tilted at sixty-five 
degrees. Another ijactor is that a vertical 

r 

south wall provides more interior space , 
than a tilted one (Figure 10"), 

-j On the other hand, a vertical south 
wall demands more\materials and greater 
spans. Also, given a neight limitation on 
the home, the tilted face has a greater sur- 
face area to winter normal than the verti- 
cal one. ^oth designs have a relatively 
small clear surface on the roof that is 
normal to the summer sun. In our units, 
we have used both configurations success: 
fully. " j 




60° to 
Vertical 



FIGURE 1 



19 



You may have an existing.patio wall or fence that could serve as the south border of 
the greenhouse. The angle' between it and the proposed apex might not be exactly correct 

for -ths maximum l 1<;p <">f Winter ?nn hut its availahilitv ran he. a .definite advantage Make' 

use of it if you can. 

Insulating and storing walls. The solid walls in your greenhouse can be used for insulation, 
storage or best of all, both. Depending on your orientation, they will be built on the east 
©r west side(s) of ,the unit and perhaps a low one will be included beneath the south col- 
lecting face. A typical insulated wall would be made of two-by-fours* with interior fiberglas 
or rockwool insulation, then sheathed, paneled and sealed/. The advantage^ of such walls 
are that they are easy to build and inexpensive. This is the'way the great majority pf Ameri- 
can homes have been built for the last four decades. The drawback is that if tl^e heaYls- 
turned off for a time during the winter, the frame house gets cold Very quickly. The struc- 
ture is entirely dependent upon continuous heating, v 

Building a^wall with thermal mass makes sense in any structure that uses direct sun- 
light for Tieati The- heat is stored in the building material/ and returned, to. the structure 
several, hours later. .Materials such. as the adobe bricks used in the, Southwest have the je- 
markahle quality of delivering maximum storedtoeat about twejy'e liours.after the rjeatk, cdl- 
lection period, when it is' needed -most.' The 61 d rock homes $vitla Jhick waUsHfoun.^' through-, 
.•out much of the United Spates perform. the same function. This natural cycle also works 
to tfie' benefit of the occupants in summer, helping to keep the-hom'e'cool in the day and 
warm at night. ' . . • 

Commo^vmassive building materials are ceramic brick, stone, adobe~(fired or unfired), 
poured concrete *and pumice (cinder) blocks filled with concrete. These kinds of walls re- 
quire a heavy foundation\nd take a little longer to build, bufHhey are worth the effort m 
a solar greenhouse. The thicker the. walls, the greater the thermal mass. . / 

For-massive walls to perfarm properly they must be insulated on the exterior surface. 
(See Chapter IV, page 49, forjtechniques). When this is done, the walls become in effect a 
structural "Thermos bottle," radiating most of the. heat gained, during, the day back into 
the greenhouse at night,*. 

It is important to remember that the greenhouse does not need to have perfect char- 
acteristics in'aFlof the discussed categories to be successful. However, if one factor is lack- 
ing, it wcMifid be wise to compensate for this somewhere ejjse. For instance, if you decide to 
build simple stud waits, it is advisable to increase the amount of thermal storage in some 
other area of the greenhouse. 
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INTERIOR DESIGN 



The design of the greenhouse interior will depend in large part on your personal atti- 
tude toward its use. Many people enjoy a greenhouse that provides space for activities other 
than gardening. If this is your feeling, allow plenty of room for sitting and moving about. 
You may arrange the planting areas around a central living space or separate the two com- 
pletely. 

Most greenhouse owners prefer to make maximum use of interior space for growing 
plants. This is a more difficult design problem and demands consideration of several im- 
portant factors. 



Access. If your biosphere is built against a wall having an existing doorway, the door should - 
open away from the greenhouse area. All exterior doors are built to open out. This will 
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allow you more freedom in arranging the interior space. It is likewise preferable to build 
vents that open to the outside or that slide. 

Provide sufficient walking space in your floor plan for unrestricted access to all plant- 
ing areas. Plants will tend to overhang t he beds, so allow f or g rowing room. At times your 
greenhouse may have to accommodate several people: one expanded area of*a walkway 
will furnish the needed capacity (see Figure 12, following page). 
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Planting areas. Permanent beds may be dug directly into the greenhouse floor. If additional 
depth is desired, supporting sides built above ground level will hold more soil. It is impor- 
tant to estimate shadow^" that will be cast from plant-filled beds. Beds located at the rear of 
the greenhouse (away from the^sun) may be built above ground level to,prevent their being 
shaded by front plantings. In the small greenhouse, optimum use of vertical space is essen^ 
tial. Thisfmay be accomplished by adding shelves, hanging beds and planters. 




FIGURE 1 Z I 

Table beds used in conjunction with ground beds will yield-an even larger planting area. 
However, care should again be taken to insure that the front planters and tables do not un- 
intentionally block direct sunlight to those in the rear. The above drawing illustrates a 
planting layout incorporating several of these features. 

Including a water drum storage system into your greenhouse will require added design 
considerations from the outset. In" terms of the interior design, your primary concern is the 
proper placement* of the system. Exposed water drums, for instance, should be located 
such that they receive maximum direct sunlight yet do not shade' your plants. Using the 
-storage drams as shelf supports of planter bases is a good way to combiner'functions. If you 
plan to add this passive storage system later, allow adequate space in the original design 
to accommodate it. ' T 

, J.- ■ ■ - .. 
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tive should be L'ombihed in the plan. The value of this point has been proven in the Solar 
Sustenance greenhouses: if you are pleased with the final results, you will spend many 
pleasant hours in the environment, helping to insure its success and deriving the fullest 
benefits from the fruits of your labor. 
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CHAPTER IV Construction 



In this chapter we will take you from the first shovel of excavaled earth to the last 
nail in the wall. Experienced builders may want to skim this mateTTal for pertinent green- 
house information and do the rest of the building their own way. A list of tpdls and ma- 
terials used in building a 10 x 16 foot attached solar greenhouse is shown at the" end of 
this chapter. But read the entire chapter before you buy or build anything. 

If you've never really built anything before, you're in for some surprises. First! there 
is nothing mystical about construction— houses, chicken coops, gree^ 
principles are "all the same. Your potential building skill is as great as any builder, better 
than most, because it's your project and you care about it.' 

The'main difference between you and building contractors is that they know how to 
cover mistakes. Almost any error can- be corrected (or hidden). True, you must stick to 
some fundamentals to have a sound structure, but common sense rather than supernatural 
powers guides you in f o 1 1 o w i n g t h esc . basic-p* ©e«htnr< 

* There are about" affiousand ways to do any particular building operation (that's what 
perpetuates the mystical aura that surround's. construction). Any- "expert" will- give you onei 
or two of these ways. So will we. ' «; ' • ' ^ 

' 'drice you start bufrdingvyou'll find it addFctiye-. W e have had Ylove-hate relationship 
with it for years. It will torturXyour days and keep you awake nights ; but you'll want to 
do more. You will think of all the improvements that you could make in your house and 
you'll be hooked. 

GENERAL TIPS ' 

1. Plan each step of construction as completely as possible. Detenjiine and obtain 
materials for t^acli step before beginning. This is easy to say and not so easy to do. But if 
you consider the amount pf time, organization and gas money that goes into a "quick trip 
to the supply store," you should be convinced of the need to plan'ahead. ' „, > 

2. . Many construction materials come in standard sizes. Sheetrock and ply wood, for 
instance, come in 4' x 8' panels. Designing the dimensions of the greenhouse to correspond 
to these" standard sizes can eliminate time-consuming cutting and custom fitting. It also re- 
duces expensive waste: ; 

Do not expect framing' lumber to be the size it's called. Those days are long 
.gone. For instance: a 2x4 is P/2 i 3'/2", a 1x6- is x 5V2". Also, when buying stud lum- 
ber, check the length. Not long ago, I bought some 8' studs" that shrunk to T-IW by the 
time l got home. When I called the company, J was t'old that including the top and bot- 
tom plates, the studs would make an 8 foot wall. Well, that's true, but 1 paid for eight 
feet! . ■ ■ 
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3. Prices vary greatly. In-shopping for materials, a few phone calls to competitive 
suppliers may provide substantial sdvings. If you can get some other folks interested in* 

- building a greenhouse, you can save money by making "quantity orders." -; 

Americans don't realize t\\at there is no set. price on anything. Don't be afraid to 

—bargain-shop or haggle. Ask for a special price. Get to know the manage_r_of the store. Tell 
that person thaTyou^re working on an "experimental project." That always sounds inter-, 
esiing. It may bring the store increased business if your-friends like your greenhouse and 
decide to build one themselves. Supply and demand still functions in the building industry. 
If an item isn't moving, the* manager can lower the price on tlte.spot. 1 once got a $350 
table saw plus all optional attachments for $200. I . - 

4. You may choose. tq use less than "first grade" materials. Resawn or rouj>h wood 
can be purchased for about one-third the cost of finished grajtie lumber. Useable materi- 
als are often discarded; you can recycle them. Check large construction sites, salvage yards 
and dumps. A note here: How much recycled material you use may depend on how much, 
time you have to devote to this project. The reason most Construction' companies buy 

"everything new and in standard sizes^s to save time. If you, have the time, saVe cash by 

scrounging, . " , - < ./. j (J - 

. ' ' ' . ■ i . • 

r 5. In buying materials, order somewhat more than youjexpectto use. This will allow 
for mistakes and'save unnecessary trips to the supplier, It's! also wise to expect the' total 
cost of construction to.be somewhat higher than r y our estimate and the time involved 
longer. I'm uprfally off by. about twenty percent. This is -probably why the building in- 
dustry has the highest percentage' of new company failures,.of any industry in the country. 
When was 'the last time that you heard of a ^construction project being completed in less 
time and at a lower cost than the estimate? , 

6. Set .up a staging and storage area for the materials. Plan to keep the entire build- 
ing area off-limits to little children and pets. There are so many activities going on at a con- 
struction site; it's'- easy for someone to get hurt. „, 4 

7. ' In all-Steps of construction, measure as accurately as possible. If in doubt, exceed 
the correct measurement rather than cutting under it. You can always take a bit more off 
but it's difficult to put it back on. 

'."'-.. « 

; -.8. , Perhaps the rfest useful piece of advice , for the novice builder is to ask for ad- 
vice. The elderly, experienced salesperson at the local hardware store may be a fund of 
building knowledge. Don't hesitate to tap this valuable source. 
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THE SITE 



The site that you have chosen for the greenhouse may demand attention before you 
can begin foundation work. In certain cases, a site that is not level can work to your advan- 
tage. If the terrain slopes aw aV. from the existing structure, for instance, you might consider 
"sinking" the floor level oPthe greenhouse (Figure 15). A good depth for attached solar 




, « ■ 't FIGURE 15 

greenhouses is the same depth as the home foundation. One of the main reasons for exca- 
vating is to lower the "profile" of the unit so that it fits beneath the existing -eaves of the 
house. Sinking the greenhouse will require more excavation than simply leveling the site, 
but it can result in more useable vertical space. "Situating the highest point of the greenhouse 
interior directly adjacent to a house window or doorway will also supply more useable heat 
to the home. 

If the ground slopes laterally to the side of the house, you may wish to design a split- 
level floor plan rather than level the entire site. Whether split-level, sunken or used in its 



' existing state, the site should be relatively level (side to side, front to back) before beginning '! 
foundation work. . - . 'A 

The excavation depth for a greenhouse is determined by seve raj factors. Many people ( 
have the misconception that if you dig a little way_jnt€rthe earth, the. below-grade soil \ 
*vill be thermal storage. Actuallj^sjDn^MmrsT^cTdown a "considerable distance below the "\ 
frost line toj^ac^-e^rtlrthTrwould constitute a heat gain for a winter greenhouse. 
^ ""'"Pit greenhouses' 1 or "grow-holes" are based on this principle. They are dug out sever- 
al feet below the frost line to enjoy- the benefits of the earths --thermal storage. We have 
observed that grow-holes perform slightly better than-solar greenhouses 0/7/y/m^extremely / 
, cold weather (below -2Q°F in the New Mexico^region). / 
To achieve increased; performance in a pit type of greenhouse adjacent to the home, 
you might have to dig down several feet below the foundatidn of the dwelling. This is not \ 
advised. If you have an existing deep cellar or basement with strong walls and good drainage ' 
away from it, anyattached grow-hole might do quite well. The hot air in the apex of the 
greenhouse would enterlow in the home and the cool air in the basement would be circu- 
< la ted into the lower part of the^ greenhouse. The'problem is that any design of this nature 
would require extensive excavation, landscaping and a thorough knowledge of the strength 
and condition of existing walls. It is not a recommendeti.project for novi/ce builders. 



THE FOUNDATION 

The foundlitiQn of hny structure is one of its most important elements. If it is built 
propexlyriTiany future problems will be avoided. Careful measurements for the foundation 
are essential. We will assume for the purpose of these construction steps that you are build- 
nig a greenhouse with a rectangular, floor plan and that you are attaching it to the home". 
For the tools needed, see the list, at the end of the chapter. - o " \ 

*To determine the ninety dergree-cornrers' off of- the structure, place one edge of your 
framing square against the existing wall and extend the othej%dge with a string.(see Figure 
16 on following page). Stake the string.at'the distance you have determined for the outer 
boundary of\the greenhouse. After repeatijig-thi^ procedure for the other end wall^ea- 
sure to see that the two strings are parallel ("A" fp "B" equals "C" to "D"). Connecting 
the outer perimeter stakes should produce a rectangle ("A" to "C" equals f'B" to "D"). 
To double check your ninety degree corner anglejjs, see that the diagonal measurements are 
equaTTA" to "D'.\equals "B" to "C").' : { ' • 

We. will describe the poured concrete/rock\type of foundation because it is widely 
used and easily understood and constructed by the home builder. 

Along the perimeter of the greenhouse excavate a trench to the desired widlli_and 
depth. Make it. at least 4 inches wider than the walls of the greenhouse and at least 
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FIGURE 16 ' , 

16 inches deep (if a massive wall(s) is planned). Drive stakes into the trench at 6 to 8 foot 
intervals, leaving 6 inches of the stakes exposed above the bottom, of the trench. Check 
that the trench is level by laying a flat board fronf the'top of the highest stake and taj^iftg^ 
a; reading with the level from there. Do this around the perimeter of the trench. Fill when 
necessary; then smooth out the sides and bottom with a flat-nosed shovel. To double check 
the level, we recommend: 

The Old Carpenter's Water Trick 

So, you want to check one end of the foundation trench witli the 
other. You don't have a transit and thp 2x4 won't bend. Get a friend. 
Then take a regular garden hose and lay it in the trench. Drive stakes 
in the end corners; each must be exactly the same height from the bot- 
tom of the trench. Holding the ends ofi the hose flush with the top of 
♦ the stakes,, fill it with water. If the extremes are level, the water level 
■at-each end will be equal. 
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The beauty of this trick is that it will work for any length and over rough terrain 
(with a couple of people and plenty of garden hose). Of course, the hose ends have to be 
held higher than any point in between. 

After the trench is dug, leveled and cleaned out, keep all interested gawkers away 
from the edges so they don't cave in the sides. ' '<■""' 

Before the foundation is poured, the outside and bottom 'of the trench should be in- 
sulated with 1" or more of rigid styrofoam (see Figure below). Cut the panels to size and 




fit them, into the trench. They can be temporarily propped in place iinfil the concrete is 
poured. Another method^Linsulating the perimeter is to wait until the foundation has 
been poured and the concrete has hardened ; then dig a trench around the outside of it. Line 
the trench with sheet plastic and fill if with sawdust, dry pumice or styrofoam beads. En- 
close the loose insulating material with the plastic to-keep it waterproof and cover the trench 
with dirt. • , 

Another prepouring step is to insert reinforcing material in the foundation trench. If 
you have to meet stringent building code requirements, this may be mandatory. "Re-bar^ 
or "re-rod," as it's called, can be used in 1/2" or 3/8"' diameter. It can be bought and cut 
to length at any building supply store. Two lengths of re-bar are laid along the bottom of 

" *- '* 
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the trench about 8 to 1 inches apart, supported 4 to 5 inches off the bottom by rocks. 



Hnds that meet are lashed together with 
I've poured foundations with and 



baling wire. { : 
without re-bar. 1 often throw as maViy river rocks 
as I can find (5 to 8 inches in diameter) into the bottom of the trench and 1 : forget about 
the re-bar^ I haven't noticed any settling or cracking in the foundations I've built this way. 

The re-bar or no re-bar question reminds me of a typical bureaucratic, hassle over the 
recent building of adobe homes in ,Ne/w Mexico pueblos." When the government engineers 
finally approved adobe for Indian housing (the all-adobe Taos pueblo has only been stand- 
ing for a millennium or so), they stipulated that re-bar be inserted in-the vertical walls every 
several feet. A Santa Clara Pueblo j/riend of mine said, "Isn't that going to frustrate the 
archeologists a thousand years from now? They'll wonder what all the little red holes arc 

doing in the .middle of those mud walls." It's probably true that, the adobe walls' will be 

i 

standing when the steel re-bar has rusted out. Suit yourself about the use of reinforcing bar. 

It's a good idea to bring the foundation above grade (3 or 4 inches). This automati- 
cally eliminates some drainage problems and is definitely necessary ,if frame, adobe- -or other 
water-soluble materials are going to be used to build the walls. / 
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Old lumber can be used for the forms to restrain any concrete-that is above grade. Most 
anything will do to secure them in place; large rocks, blocks, stakes, wire. Be sure the forms 
are the right distance-apart and well braced so, they don't spread with the weight of the 
concrete (see r^ioJiLaiiove ) . Anyone who has worked with concrete can testify to its weight. 
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Qnce you've had the terrifying experience of seeing a large mass of wet concrete start 
moving toward you, you'll always over-bra" ce forms and wire the braces together^. 

On the inside of the forms, mark a level line for the top of the foundation. A chalk 
line works well for this. Make the line about 3" above the actual level to which you are 
going to build the foundation so that it doesn't smear when the wet concrete, is being pour- 
ed. This line is a convenient guide for a level pour (Figure 19). Another way is to cfialk.line 
the exact level and height, and drive hails halfway in along the line. This gives an accurate 
guide. • • 




FIGURE 19 . ' 

The fast way to pour the foundation is to have the ready-mix concrete truck back 
up to the site and' dump it on you. But often the concrete companies won't deliver in 
small quantities, or the site is impossible to reach. In that case you have the option of buy- 
ing premixed dry bags or making youTown mix from cement and sand: If mixing your 
own (much cheaper), a standard concrete recipe is five parts, sand and %" gravel (mixed 
equally) to two parts dry Portland, and water. * 

This is a heavy job so line up a few friends. The entire fouildation should be poured 
at one time. You don't want to have seams from two or more separate pourings. ^ 

So, you're ready to do it. Sand and gravel in place, Portland bags stacked, shovels in 
the ready position, wheelbarrow greased, beer iced down. Consistency is what you want 
in the mix. It should not have dry chimps or an overabundance of any ingredients. The 
mix should be wet without being runny. If you pull'a hoe through it, it should make nasty 
noises. When /the mix is just right, it reacts like Jello when patted .with a trowel Nice 
stuff. . / ■ 

Start at /one end of the trench and work around. After a load, usually a full wheelbar- 
row, is dumped, spread the concrete along the trench. Push and wo-rk the mix down into 
the trench With a trowel. Don't be gentle. You want to avoid holes or pockets in the 
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foundation. Keep adding loads of concrete until yqu-'ve fjearly reached the level line or 
marker established as the top of the foundation. 

As you work around the trench, pat and smooth out the top of finished areas. After 
the cement begins to set up, insert ah anchor bolt (scfew thr|ads exposed) for sections such 
as low door jambs that will be -framed above the foundation. With, a square make sure 
that these bolts are perpendicular and in line with where the plate will be aiicb'that you've 
left about V/i inches extending above the poured foundation (see figure'Tof. The plate, 
which we will, talk about in various contexts throughout this chapter, is notsomething on 
which dinner is served. It is apiece of lumber, in this case a«2x4. The foundation plate-pro- 
vides a base for the frame walls of your greenhouse. The top plates give vertical studs and 
roof rafters something to hang ©n to. In general plates serve as weight supporting members 
of any frame structure. - t 

Note: clean your tools immediately after use or they'll never be the same. If for some 
re'asdirymiliave tb 'leave''aloa"d'Tirthe wheelbarrow or mixer for a short time, pour a small 
amount of water on top .of it and cover as tightly as possible. This also applies to mortar 
and "plaster mixes. 

After the pouring is done, check to see if any areas have sufik/and make sure that 
the above-grade forms are secure. When the coircrete lias set up or hardened (usually within 
three or four hours), spray it with' a light mist of water or coyer with wet hay or straw. 
This prohibits rapid evaporation that m-ight /crack or weaken the foundation. Spray it every 
Tewlaours for the nextxiay Or/ two, (don't bother at night). , ., ' ' . '." : ' 

. , Wheii'tiie'4'oundatiou hafc a. .feeling "of, permanence, the fOFnis'can'be removed. Clean 
well and fecycle'them : int.o'.she'lves-,.tables f ©r j bed* frames, fbpthe greVhhouse interior. 

There is a way fo iavoid laying a foundation under the frame portions. Til give it to 
you as an option. This method is common in large commercial greenhouse construction, 
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and might be useful if you are in a big hurry or plan a temporary structure. Level the 
ground where the frame walls will be. (Don't dig a trench; just level the -earth.) Wood 
plates (I've used railnbad ties) are laid directly on two inches of sand and staked in at 3 to 
4 foot intervals. The stakes can be metal or wood but should be at least 36" long. They 
can be screwed, nailed or bolted to the ground plate. The wood should be treated with. 
copper naphthenate as a preservative. Don't use fresh creosote or pentachlorophenol ("pen- 
ta")", as these chemicals give off fumes that are noxious to plants. See Figure 201 
. . "Whatever foundation method you choose, thejnost important considerations are: 

1) Is the weight evenly distributed? * 

2) Is the foundation level? ' * . 

3) Will .the water drain away from it? 

If these criteria are met, the 'foundation will be functional. , 



MASSIVE WALLS 

Whe'n tlie concrete in the foundation has cured, you can b e.eriiKK^BS^^XB^M^ 

masonry walls; Different types of masonry construction call for diffe/e^^^iiiqfuies.; Let's 
use hollow pumice blocks for our example. (Basically the same technique applies to build- 
ing brick or adobe walls, except that.you can use mud for mortar in the latter case.) The 
standard size pumice block is 1 51^** long X V/i" high x T/i" wide. (They also come in half 
blocks and about every other size and; shape imaginable.) For estimating the amount need- 
ed, use the dimensions 16" x 8" x 8" because of the added space to be filled by mortar. 
Before making your estimation, determine the exact size and location of any vents or 
doors in the walls. They must have a jamb or frame built around them, Ind- that lumber is 
usually one and a half inches wide/ include twice that width (both sides) in your calcula- 
tions. . ^- '•>'•'" 

**\ . /" 

L like to avoid openings in" masonry .walls whenever possible. They involve^ a preci- 
sion and degree of patience 'that I often lack. It's usually easier to locate" Vents and doors 
in areas that will be frame. ' ., ^ ' 

As the diagram in Figure 21 (following page) shows, the high vent is set in the eastern 
frame wall ("A"). The low southwest vent sits on the masonry wall ("B"). The lowest part 
of the 'door is set in the east masonry wall ("C"), the upper 4/5 ths in a frame section-. 

When the size of openings- in .masonry walls is determined, the estimate of the total 
.. number of blocks needed can,be made. Determine the square footage of the walls and esti- 
mate One block per square foot plus 10% for cutting. -£or our example I'd buy 80 full 
blocks and 25 half blocks. - .. ,,_L,r * . - ', 

However, if you're having problems making the necessary calculations^j^emern^erthat 
- elderly; experienced-salesperson we mentioned earlier. Write Jh^drrrTensi6ns of the walls 
(with/ dpors and vents figured in) on a piece of paper and go to your local hardware store.! 
Odds are you will get all the help you need and some good advice on the side. 
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You may want to order more than we've estimated. Masonry blocks look rather for- 
' in i d ab le v but are actually qiTrtc- frag i l c an d e p sily broken until they^ i' t ia tho - wall. llaiv c rte " 
and sttrekstjiem carefully. If you, do have leftovers, most reputable building supply stores 
will refund morreyon items returned in good condition with a receipt. 

The mortar iiseaSajlay ing blocks is made with masonry cement and screened sau;_.. 
The standard proportionsraSft^'/; parts screened sand : 2 parts masonry : 1 part Portland. 
Mixing equipment is the same as for^the foundation. Small amounts*?fLe made -as needed. 
A. large, triangular. trowel is used to spreatKJ^mortar.' 

To lay a perfectly straight and level bloc^ws4L poies can be erected precisely at the 
outside edge of each corner of, the structure. Marks^r^iade up_the poles at 8" vertical 
intervals. Poles and marks are checked against each other wftfe-^ieavy twine and a string 
level. They should all be at exactly the same level for each course^qjM blocks, and they 
indicate thc^top of each layer. Stoat's the precise way to do it. 

I Another method is to simply begin laying the blocks, checkingfcHevd, pT&rafe a ntT 
strafghtness as you go. In an area as small as our 10 x 16' example, this should be sulTicietrfe^ 
Lay the first -course of blocks all the way around. Check for square oil the corners. Now, 
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using the level, build up several courses of block at each corner. String-is strerrg-bel ween ~ 
Corners an.d straight ruris laid down to the string. Checks for vertical can also be made with 
a carpenter's level or plumb line. If vou're new at this kind of*work. don't trust vnnr pvp 
too much: 

Have ypu ever watched an experienced mason building a wall aniLseen-the TSeautiful / 
fluid movements he makes? A quick scoop of the trowel places a glob of mortar-on the/ 
edge. The mason flicks^his wrist downward, a microscopic spasm , and the mortar adheres 
to the blade in a flat, compressed mass. A long thin line of cement is spread along a four- 
foot edge of the existing wall in the next stroke. Another similar motion, backhanded, lays 
it on the jother edge of the wall. Thethird trowel of mortar is applied in fast choppy slaps 
to the center ridges.. The new block is picked up and hit with mortar on two vertical edges, 
/and wham, in it goes. This takes about six seconds. Like ajinely tuned human machine, 
the mason progresses along the wall with the speed, economy of movement and accuracy - 
found in downhill racers and basketball centers. The only tl^ng'-that slows down a pro like 
this are scaffold movers and unions. 

^Don't expect to match this degree of skill. Try to put a uniform thickness of mortar 
(3/8 to 1/2 inch) on all seams. Any way you, can get it to stick to the blocks is cricket. 
Try putting a small amount the trowel and scraping it; off with that downward and out- 
ward motion. If you can't get the knack of tllis~\put a larger amount on the trowel and 
shake it over the edges. I resort to my hands occasionally. "Se^t" (firmly tap down) the 
block with the handle of the trowel. It should be\evenly supported by mortar and level 
when it's in place. See that^he seams are staggered,\not one directly over another. 

A method used to "tie-in" a new masonry w&li to an existing structure is to bend a 
small (8 x 10") piece of metal lath to form a 90° angle and fit this between the new wall 
and the home wall. Tack the lath securely to both walls. Lay the mortar and firmly seat the 
next course on top of the la th , pushing- the block tightly to the existing wall. This should 
be done three or four times in a wall as tall as the one in our example, the 8' west wall. 

When the block walls are up to their final height, fill all center holes in the blocks 
with concrete (the same mixture. you used for pouring the foundation). This* strengthens 
the walls and adds mass, heat storage capability , to the structure. Before the concrete dries, 
insert anchor bolts where the framing plates will be' applied to the top and- sides of the walls 
(see Figure 20). ' ° 

. When all the masonry walls are up, relatively straight, level and plumb, it's a good time 
to have a celebration. You can finally see and-feel -the results of your brain and muscle 
work. The hardest nart k nvw Rninv it' 
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FRAME WALLS (CLEAR AND OPAQUE) < _ 

As stated earlier, a frame wall does notjiave any appreciable mass; therefore it "cannot 
store heat for a structure. However, .when properly insulated, it will keep the heat in and it- 
is often justified if other heat storage is planned. In the diagram in Figure 23, page 39, we 
show frarhe walls for purposes of illustration. 

The diagram also indicates that the vertical framing members (stifds) in the clear-wall 
sections are erected at 47 inch intervals (measured in what's called centers. Centers are deter- 
. miried by measuring from one edge to the next edge orVthe same "sid-e.) The fiberglass that 
we recommend comes in 48" widths. The 47" center allows for overlapping the panels. 
Studs in the solid frame wall are on 24" centers, as are the roof rafters. All corner studs 
and upper plates are double-width-for added~s4-r-e.ri.gth. A scale drawing of your,greenhouse 
using this type of specifications will help you estimate how many 2x4's of various lengths 
will be needed for the rough framing. Add the. total linear footage of doors, vents and hori- 
zontal nailers (firestops) to tjie estimate. Add anpther 20%. We've supplied a list for this 
10 x 16 foot unit at the end of the chapter. — 

You'll save money by having as few leftover scraps as possible. This is accomplished 
by making all principal framing members slightly shorter than an even number. Hence, if 
the stud in" the south wall is 7' 10" high /it cim be cut-fr x onl an 8' piece. On the. other hand, 
if the stud is 8' 1" high, a 10' 2x4 usually mifst be purchased, and you're left with a 23" 
scrap. At Current lumber prices, that's sinful, fri your scale ^diagram, ma ke the lengths'come 
out economically. Do this by slightly changing angles and dimensions in the drawing until 
it works. If you just can't make it come out right, then plan to use the scrap lumber for 
tables, shelves, bo'xes, bed frames or other things. A 23" scrap, for instance, could be used ' 
for a firestop in the sheathed (solid frame) wall. ' " 

It's important to get a proper dollar value for your lumber. As with most things in 
life, you do this by choosing it yourself. Service personnel in the lumberyard are usually 
happy to let you choose ancHoad your/ oro\er. Occasionally it will be "company policy" 
notJq_leL-the £Ustomer look though the ste>ck. Don't do business with a comtxinv like 
that. 

Hold up each stud' and look down the entire length for stfaighthess.. It should not 
be;warped, twisted or badly bentf A slight curve is ...to : fos-@^cWH^»s called tho "crown." 
Tf you are holding the stud on- its edge. y X ou can easily see the crown. The crown is not to 
be confused with a bow in the broadside of the lumber which, if it's slight, can be taken ' 
out in installation. In construction, the crowns should all' face the same way on the walls 
and^ should always be arch-up on the roof. Y - 

Next, check the stud for clearness^Do^44iaAa^im_iLt iusual number of knots? Reject 
it. Does it have heavy "pitch" Or. "sap" areas'? Reject it'.. Soundness can be tested by 
tapping it against a solid object. The stud should sound firm and full, not tinny or dead. 
When making all £hese tests, carefully pJaCe the rejects back oh the pile or the yard 
people will never let you do it again. Lately, I get about a o'ne-out-of-five/acceptable ratio 
(that shou4d--grvB somejdea of how much lumber you're moving around). Stud lumber- 
No. 2 common grade, won't Be perfect,, but get it as straight, clean and dry as you can. 
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After all this trouble in selecting the lijmber, be sure to stack jt flat and keep it dry when 
you get it home. 




FIGURE 22, PHOTO BY KR1STEN MACKENZIE 



Let's' begin by framing up the;lront face. First, you have t he opt ion of I'ram ing the 
wall in place or 'building it "prefab" oir the ground (see Figure 22. above ). This decision 
is ifiostly a matter of personal preference. We're going to prefab the front lace in our ex- 
ample.- and frame the side walls in place. 

In the diagram on. -the following page. Figure 23. the length ol the roof and founda- 
tion plates ( top and bottom framing members) is exactly 1 d' (No. 1 ). The top plate should 
be double to prevent bowing under the weight of the roof. So the first step is- to nail 
the two 2x4's together with ld-penny nails. Place the 2x-Fs flush and drive the nails in at 
an angle so that they don't protrude from the wood. 

Lay the plates (bottom and top) on the ground and mark them where the vertical 
studs (47' 5 centers) will be attached. Corners should be double-width (No. 2): use 4x4's 
or sandwich two 2x4's together with 3/N" plywood or wood lath in between to bring the 
dimensions to 4" x 4"i< 

1 he next step is to cut the lumber to the appropriate length. In our example, we have 
seven studs cut to 7' 7':". .With the plates, this makes an S' high front face. 

Now if the south wall is to be vertical, the cuts are square on each end of the studs. 
In our example, we have tilted the front face twenty degrees to make a' seventy degree slope. 
(With any tilted south face, the bottom angle to the foundation plate will be the difference 



between the south face angle and ninety degrees.) All we need to do here is mark off twenty 
degrees from a ninety-degree cut. Make the top cut parallel- -tcrthe bottom so that you have 
aiiorizontal surface for _the_to_p_ plate. When the studs are cut, nail them at the marks to 
the top and bottom plates with 16-penny nails. Note: always buy high quality nails. 




FIGURE 23 S 

The south panel can now be lifted into "place on the low" front wall. This will take 
several folks working in unison. In-order to precisely mark the junctions of. the anchor 
bolts in the low wall with the bottom plate, gently l'ower the prefab frame structure into 
its permanent position. While several people hold the framework in place, one particularly 
aggressive type can pound on the plate with a hammer directly oyer the protruding anchor 
bolts to mark their position. Take the fate off again and drill holes at ,the indicated marks. 
The front face can then be installed on tlie wall^temporarily braced and bolted down. 

At this point put up a few rafters (No, 2) for braces,, the ones on the corners and a 

couple .of others. -(A4se- r -s^e- r ; igure 24 on following -page.), Nail them; down to the top 



plate of the front face and to the plate or rafters on the house side (see next page for in- 
structions). This will give the structure stability and give you a chance to see the outline 
of the greenhouse/ When you have finished attaching a few rafters, take a break. Stand back 
and a 'dm ire your work. 




FIGURE 24 





The next step is to cut and place the lower plates on the east and west walls (No. 3, 
Figure 23). Bolt the plates down, To connect the frame walls of the greenhouse to the 
home, a stud is securely "tied-in" to the home wall. It should fit snugly from the bottom 
plate . to directly under the rafter plate (No. 4). , ^ . \ 

You now have a funny shaped "box" ; that is, the perimeter of the east and west walls to 
fill inwitrf framing lumber. We're going to divide that box with a plate thai will also serve as 
a "header" foj the' lower frame walls (No.. 5). On the east side the plate can also be the top 
of the door, frame. Hold a piece of lumber level across the span and mark its intersection 
with_Jhe front face. On the west, it* sits on the massive wall for the majority of the span. 
When the pieces are cut, nail them into place. 

The east and west walls can now be framed in place. Remember, the clear sections 
will have 47" centers. The insulated walls will be framed on 24" centers (No. 6). The easi- 
est way to do this is to mark the bottom plate at the intervals where the upright studs are 
to be nailed. Take a carpenter's level and hold it against the side of the first, stud. Keep the 
base of the lumber-on the bottom mark a nd get the stud exartlv plnmh T1-|p.n mark the 
point of intersection of the. stud with the header on both the stud and the plate. Cut the 
stud about 1/16" longer than the mark you've made. 

\\. All frame walls can be ^constructed in this way. It's easy and it's fast. Toenail (drive 
nails in at an angle) the studs jirr'as you go. When the studs are cut/fitted, and nailed, in- 
stall horizontal spacers (No. 7)/ and the vent and door plates (No. 8). Make certain they're 
level, and nail them in with 16''-P©nnv nails. 



ROOF RAFTERS 



I With luck, you will a be able to tie the roof rafters of the greenhouse into the existing 
rafters of your home. If not, attach a 2x6" or 2x8" plate to the wall of the house as a base 
for the rafters (No. 9). Expansion bolts or large wood screws are used to get a secure tie-in 
-to the wall. Don't scrimp here. The greenhouse roof must bear its own weight 'plus, in many 
areas of the country, snowloadsV//c/ the additional loads of snow sliding aff the roof of 
your house. V ' v V 

■■— ' The rafters for a short span (under 10 feet) can be 2x4's or 2x6's set on 24" centers. 
For longer spans use heavier lumber or put the rafters on closer centers, 

j Shallow notches are cut inthe^wall plate or joist hangers can be used instead. The 
rafters are toenailed to it at these points. At the intersection of the rafters and the south 
face top plate, -very shallow, notches (called ''bird^Ticsiili^' jiotthes) are cut in the bottom 
of the rafters so that they will rest snugly oh the plate. Again, toenail them in. 

Putting up the rafters (and the roof) can force a person into some pretty strange acro- 
batkrcontortions. I would daution you that eight to nine feet up in the air is higher than 
you might imagine, especially from an aerial view. A body can be broken at. the end of a 
free-fall from that height. Also, gat in the habit of not leaving any tools or materials lying 
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about on the rafters or the roof (even for a moment or two). 

When all the rafters are in-place"", mark th^intersectiOQ^of the clear roof with the insu- 
lated roof areas. Use a chalk line to do this (see Figure 28, page e 2fS^E§ determine that 
junction in your unit, use the charts as explained in Appendix A. It will usually be about 
halfway down the rafter span. 



PAINTING THE FRAME 

Rafters and framing lumber can be treated in more humid climates. Copper naphthen- 
ate is recommended. Some paints have a preservative in them. After it's been treated, all 




FIGURE 25 

framing '"lumber-that will be visible within the clear walls and ceiling areas should be paintec 
with a glossy white enamel or latex (see Figure 25). This will help reflect light into the 
greenhouse and also enhance its appearance. 
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CHOOSING THE CLEAR GLAZING 



■- Traditionally, glass has been used for the clear surfaces in greenhouses. Que to its resis- 
tance to high temperatures, glass is also used extensively for covering solar collectors. 
Prefabricated sheets of double-layered glass are available; from major nUinufacturers and- 
'may bej; purchased ' in various sizes. Many types of sljd^ng glass doors are also double 
*glazed*and can be used in the greenhouse. The obvious advantages of gl assure that if allows 
a view to the outside and is highly resistant to the harmful effects of weathering. It is, 
however, easily broken and demands extreme care and technical skill in installation. 

Technological "advances 'in the de- 
sign and manufactureof plastics have pro- 
duced important alternatives for the 
greenh.6use builder. Some types of semi- 
rigid 'fiberglass/acrylic sheeting are guaran- 
• teed for 20 yearsjo transmit enough light 
for photosynthesis. However/Tiberglass 
can become cloudy Qr_brownj_as a result 
of ultraviolet ray damage ("blossoming"')? 
Tedlar coating, for instance, Was an ultra- 
violet retarding characteristic that helps 
greatly to preserve the clarity of. the plas- 
tic to which it is applied. 

"Fiberglass transmits nearly the same 
amount of light as glass, even though" 
it's translucent rather than clear -{see 
Figure 26); Corrugated plastic is rec- 
ommended for clear roof areas; it is easi- 
ly installed and resistant to hail damage. 
Flat fiberglass is.readily attached to clear- 
wall frames with rubj^efr-ga-slceted nails or 
lath strips. 1 recommend the use of flat, 
fiberglass on all vertical anq>ear vertical f.gure 26 photo ^ kr^sten mackenz.e 

surfaces. Flat material has a 20% smaller surface area than corrugated : ; . therefore far less 
area for heat -loss. The quality of light transmitted through fiberglasses djffuse. It doesn't 
give the sharp, clearly defined shadow areas of glass; Thts is beneficial to pljant growths The 
cost per square foot of new fiberglass is considerably less than the cost of new glass: 

: T|;ere is an ecological question concerning the use of plastics in general. Plastic is a: 
petrochemical product and is not biodegradable. The, supply of petrochemicals is dwindling 
^rapidly, and the atmosphere is becoming polluted by petrochemical wastes. Nondegradable 
products also constitute a form of pollution on the earth. i 

I feel that our only hope for maintaining an ecological balance on the earth depends 
on a thoughtful, positive use of modern technology and its products. I believe that employ- 
ing fiberglass and plastics in your greenhouse constitutes such a use. Many people are con- 
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vinced that solar energy is the obvious fuel of the 'future. Further experimentation will lead] 
to advances in the efficiency of solar collection^ storage and transmission., It is probable 
that plastic products will become essential to theVroduction of solar; energy p6mponents; 
I suggest, therefore, that the intelligent and "carefUl use of plastics in the greenhouse will 
serve as a valuable example of how to put our fossil Juels to beneficial use^-before they are 
exhausted. 



LLEAR WALLS 

' ■ 

Having buift and painted the frame Walls, you are rtow ready to install the . outer layer 
pf fiberglass-. Most eff the products (Lascolite and Filo.n, for example, 'brands we've used and 
can recommend highly) are sold in 4 foot wide rolls>up to 50 feet long.. For this reason, 
we suggest that you install one 4 foot panel at a time-. Beginning at one end of the frame 
wall, measure the height of the section.lcare fully. After measuring and marking the material 
with a felt-tipped pen or raz,of' knife, jut the section with sharp wire-cutting shears. Apply 
an even bead of sealant, silicone or butyl rubber to the wood frame you are going to cover. 
With two or /threirpeople holding the edges of the plastic, a]ign it-4h front of the frame, lit/ 
is4iandy to make corresponding marks on the fiberglass and the wood frame to aid in align- 
ment. Nail the top edge to the upper frame^member in the center. Use a gasketed nail; do 
not nail it in completely. Clieck to see that the sides and bottom will fit properly. Nail the 
outside edge in thi center (again, halfway in). Pulling slightly on the remaining' two edge's 
(bottom and inside]^, naibthem -temporarily in the centers of the frame. You can use flat- 
headed 1" nails for\ the inside or leading edge or simply lay it on with no nails. The next 
section of plastic will overlay it and must fig snugly. The rubber-gasketed nail heads pro- 
trude about 1/8" from the wood and. would cause bumps in the overlaid plastic. Nail the 
material down "to the horizontal braces first. Then pulling diagonally- on the four corners 
of the sheelt, put inlia^ 

"orTtlTe sheet. -Work the bulges out of the plastic from the cent^- to the corners (see Figifre 
27 on next page). If a major bulge has developecf, try to detect: it early ; remove the tempor- 
ary nails and realigij the sheet. ' "\ , ■' ' .'. 

There are two very expensive items used in this method, silicone sealant and gasketed 
aluminum nails/Lately I've used a cheaper method that I believe' is just as effective. Check 
and mount as before. Don't use any silicone sealant. Get small galvanized nails and drive 
them into the- fiberglass -about every six inches. After all panels are up, pover edges' and 
overlaps with thin {V*- x I V2") wood lath. If there are any bulges or leaks, they can be sealed 
with regular caulk. / - r . , 

After cutting the second pan-el, lay another bead of adhesive over the leading edge and 
the top and bottom. Proceed as above, ^overlapping the second panel by 1 inch on the 

' edge previously flat-nailed./tJse ha/ls to attach the overlapping section. Follow the' steps 
given for the first panel, again udngJlflat-headed nails in the leading edge to be overlaid 
by the next 'panel. For/vents Xnd removeable panels, install the fiberglass on the ground. 
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.f FIGURE 2.1, PHOTO BY KRISTEN MACKENZIE 

The irregular shaped pimels in I ho corners of the east and wost wall are si/rd In cutting 
a rectangular piooo to fit t'hc length of the frame. Hold the piece up to the panel and mark 
the shape with a chalk line. Save l he-'. scraps for other irregular shapes and/ von ts. 



ROOF rNS I Al.I. A I ION h " 

Spanners (No. 7 in kigure wo.. j.->, page > v m like tliose used helw eon the vertical wall 
; studs will be nailed betw-een the roof rafters to receive the corrugated plastic and solid roof- 
ringmateriak He sure to toenail-iii a straight row of those spanners along the line separating 
it ho clear from the solid roof ( figure 2S, page 4(i_). In all other roof areas, the spamVfs can 
be staggered for ease of nailing (Figure 2T page 4b). They should be spaced up and down 
The rafters at three lb four loot intervals. 

You are now ready to install the corrugated clear 'roofing. One sheet of corrugated .is", 
held in place at a corner. Align it carefully along the bottom aiuT side edges. .The roof can 
overhang the side two eorrugat ions and the bottom about unsupported. Cot it "true," 
tlUit is. perfectly in line, with the rafters and plates. An ■mil of line I'ir--t piece w ill throw the 
roof whacky. When you've got it right, tack it down temporarily at the top. On the bot- 
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FIGURE 29 
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torn plate, under the ..fiberglass," insert # corrugated sealing strip. I recommend the foam 
type, but redwood or rubber will do fine. " , •■ ' " ' 

Now nail down the fiberglass every 3 to* 4 corrugations With gasketed nails to the 
bottom plateand rafters. Nailjnto the high ridge rather .than, the valley. This will prevent' 
water "seepage through the nail hole'. Overlap the sheets at least jane" and, if possible, 
two corrugations and continue across theclear" area.in this manner. DorT't nail the 'top edge 
(to- be overlapped by the opaque roof) yet. The only real trick toenailing into fiberglass-is to 
, have a steady hand and a good eye. A missed hammer blow can splinter- the material, leaving 
an ugly opaque mark (to say nothings of t lije damage to your thumb). 

The solid roof is installed next. Tf plywood and composition roofing, material is to be 
used, lay a strip of corrugated molding acrossthe top edge of the clear/solid roof junction./ 
J^4ail the plywood sheets ontQ the rafters, overlapping the foam strip and the clear" roof area 
by 3 to 4. inches. The foam molding, above the corrugated plastic will creSt^Vtight^egl 
against heat loss. You can now apply your composition shingles or other roofing matfrJaT 
over the plywood. \ L - ^ ' \ -,. 

Vents in the roof are nql re^ommejaded for any but -the most experienced- buildejr. It 
is extremely difficult to seal them against air and water libaksTTf you have the knowledge, 
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build a/ ','boat hatch" type Vent of 1 x4's that extends aboijt 2" above the roof. Fit the 
jhat it lays flush on the 1x4' box.. ~ • 

JnTS^w^Mexico~a 4 common roofing rnaterial -is'-corrugated galvanized steel, ft is. rela- 
tively cheap, easUylTrstaliedj an ^maintenance free.Jf you use metal, no ply-woed-is-aeedscl^ 
Simply align the cormgatidV«^6th<^gab^ani^ed' With those of the plastic (they,jri3tch), and 
nail it down to the rafters ana spa^nne'rs. Agalh7~th€-sohdroof should overlap the clear areas. 
For nailing\ hold lead-headed roofing nails with a pair of pli^rs-ev^r^Jfie^desigha ted spot 
(on a ridge and over a_rafter or spanner) arid strike solidly with a hammerTWeaTeye-pi^e-- 

tprti nri 1 



THE INTERIOR PLASTIC 

Six-millimeter polyethylene (with an ultraviolet inhibitor) is suggested foHJjetat-erigr 
\fear. walls and ropf are°as. It is susceptible to we&-thering..but willbe protected by the t iller- 
glass outside-tayer; it" should, last three to five -years before having- to beWeplaced. I've'Lised: 
both Monsanto 602 and Tedlar. •• ' ~ ■ \ • v 

The- thin plastic js more^.easily installed than the outside fiber acryVic! Large sections 
of clear area can be covered at once. Using scissors -or a razor knife, cut-out-the sections to 
be attached; - Make vour cuts at least 3 inches longer Jhan- measured. -With three or four 
helpers.holding the extremities of the sheet, begin stapling alortg the cefjtermost stud. Work 
outWard toward the sides and corners., stretching the sheet as staples are\ driven 8 to. 10 
inches apart. Wood lath x I Vi") js nailed over the plastic-sheeted studs with finishing 
nails to produce the final seal. You can stain or paint fhe stripping to m'ake\it more attrac- 
tive. 



INSULATING FRAME WALLS 

Solid frame walls can be insulated with a wide variety of materials. Roekwool, fiber 
glas, styrofoam, polyurethane, pumice and cork are all excellent. Foil-backed insijilatior 
stop.s a lot of radiant heat loss through the walls and acts as a vapor barrier, but it;can be 
prohibitively expensive. If you do use it, install it with the foil Sacking facing the ihterioi 
of the greenhouse. Recently I've been stapling heavy duty , tin .foil on the interior side ol 

fiberglas batt. That's cheap and effective. t . \ j ~ ; j 

. * The amount of insulation applied should -be as much or more than is used in the 
walls and roof of a well-built home, in your_are#In New L Mexico, I usually use at least 4 
inches of fiberglas batt in the walls and 6 inches, in the roof. Fiberglas is- easily applied 
with a staple gun or tack hamnv^ Salespeople at the local hardware st8re can help you 
choose the right amount and type of insulation. , 

' Always wear a long-sleeved shirt, gloves and button your collar when installing 
glas' insulation. Wear safety glasses for rafter work, especially if yen" have sensitive 
and try not to breathe too much. 
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INTERIOR.PANELING 

Insulated frame walls can be paneled with any material that you find attractive. Ma 
sonite, -plywood, sheetrock and rough or finished lumber/are widely used. Pane|ing ma 
terials call for various adhering technique! Wood products are usually simply nailed "with 
finishing nails. Some paneling can be glued with construction adhesives. When using large 
panels, measure carefully before cutting. Ifjyou're careful^ you can save odd-shaped scraps 
fojq other areas and keep waste to a minimum. Occasionally, you may have to [nail in a 
Z'scW," a scrap of 2x4. t o lire ^tud walls in order to give a nailing surface for the paneling. 
If cornerjs don't "flush out"' perf ecl!y7~doTr%-WDrrv . That's what Gnd moHp mlnpf lo+V. 
for. ' m ■ 

\ As the insulated wall will not stb.re heat, the inside/should be a light color to produce 
a reflective surface. 'Water-sealing will help to protect the interior against deterioration 
due to high humidity. 



DOORS AND VENTS 

Doors and vents must be.^ tight fitting and Weather-stripped around all joining. sur- 
faces. If you are using fiberglass, ymi^may choose to use glass for the vents and/or doors. 
Clear, views to the outside can' offer at.tr?H^tiye accents to opaque and translucent walls. 
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When glass is used, it should be double glazed to reduce heat Ims. If possible, windows and 

doors should slide or hinge away from the greenhouse interior. Hinges are. mounted on top 

of vents to open out. Remember, the high vent that you put in-one., wall (east or west, de- 
- " j - * 

pending on the direction of the prevailing winds— should be on the downwind side of- the 

prevailing air flow) needs to be about one third larger-in square footage than the low vent 

in the facing wall. ^ ~~~ = * ==== ===--~-=~— ^ . - 

— In determining the dimensions for an outside door, remember that you will be moving 

large quantities o? soil into"" the greehirous^J^cejUie^door wide enough to accommodate 

a wheelbarrow (plusy our knuckles). Thirty-two inches is good. It is also advisable to make 

the height of the door a standard measurement for convenient access. In very cold climates 

an air lojsArover the exterior door willjsave. large losses (see Herb ^Shop, page 87). " - 



EXTERIOR PANELING AND INSULATING 

^ All massive walls should be insulated on the outside. An effective insulating material 
for this is styrofoam or styrene panels (1 or 2")- They can be stuck to the walls with a 
heavy duty construction adhesive. Use it liberally. If the wall is to be plastered, cover the 
styrofoam with tar .paper. Then use firring nails and chicken wire,pver that. The wall can 
now be plastered with a hard coat (5 parts sand : 3 parts Portland : 1 part lime). r . 

Exterior covering of tire frame walls can be any material that suits your- -aesthetic and 
economic criteria. I've used old lumber, plywood, Celotex (exterior fiber sheafhing) and 
metal siding. The most important thing is to make sure there are "no leaks that allow water 
into the frame wails. Remember-higher panels overlap lower ones for waterproofing. Caulk 
anything that looks suspicious.. 



SEALING THE GREENHOUSE 

If there is one-most critical factor in the construction of your solar greenhouse, 'it is 
thaf alljx>inffig r surfaces fit tightly together. Tightness is, in. fact, one of the highest goals 
-wriicli you can attain, both as dosigner-builder and proud owner. The primary reason to 
" strive for tightness is ip reduce* air leaks. But another important reason is to produce an 
attractive environment thaTT'eflects the care and thoughtful work that pent into the de- 
sign and construction. , <» • - 

During each phase of building, ask yourself where heat loss is likely to occur. Wher- 
ever large surfaces are joined (such as the foundation plate .to. the foundation), a layer of 
fiberglas or foam insulation will help solve tnV^roblem. Sealants such as silicone and caulk- 
ing materials (wood filler, spackling compound) should be used on any crack or opening 
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that could transmit air through the structure. For larger openings, such as might occur at 
the house/ greenhouse junction, use metal lath and-plaster to build. air-tight walls (insulate 
between them). As we mentioned earlier, vents,. and doors must be completely weather- 
tight. The importance of sealing and ^insulation cannot be overemnhasized. as it can make 
the difference between the success-or failure of vour greenhouse. 

THERE YOU ARE! YOU DID IT! CONGRATULATIONS! 



TOOLS NEEDED 

Shovels (pointed and flat) 

Hammers 

Saws (hand) or 

Saws (electric) 

Drill and bits 

ttbe 

Trowels (triangular and plaster) 

Hatchet 

Level 

Tape measure 

Squares (tri and carpenter's)'. 

String 

Draw knife 

Staple gun 

Saw horses 

Paint brushes (3 inch and Vh inch) 

Wheelbarrow 

Rasp 

Plane 

Tin snips (large) 
Caulk gun c 
Chalk line 
Roller and pan 

Water buckets or hose and nozzle 
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MATERIALS LIST FOR 10' x 16' ATTACHED SOLAR GREENHOUSE 



1 bag masonry 
5 bags Portland 
1 yard sand 

1 yard %" aggregate 

2 yards dry pumice or pea gravel 
80 full pumice blocks 

25 half pumice blocks 
8 6" anchor bolts 
72' rebar 
30 8'2x4's 

3 10'2x4's 
2 16'2x4's 
2 8' lx4's 
2 10' lx4's 

40' 1x12 (for floor beds and 
slfelving) " 1 

400' wood lattice moulding (for trim 
and tables) 

Vi lb. concrete nails 

300 - 400 aluminum nails or' 
3 lbs. small galvanized nails 

10 lbs. No. 16 common nails 

5 lbs. No. 8 , common -nails 

2 lbs. No. 8 finishing nails 
1 lb: small finishing hails 

3 lbs. blue sheetrbck nails (for slice troc.k) 

6 sets hooks and eyes — 

Lset 3^" of 4" butt hinges (for door) 
5|1sete~2 ? -- : btit t hing es (f orverrt^r — 



7 2x4 joist hangers 

2 4x4 joist hangers 1 

3 pulls 

8 corner braces (to reinforce door and 
- larger vent) 

2 2'x8'x2" styrofoam panels 
1 50 sq. ft. of 4" or 6" fiberglas insulation 
24" wide 

2 paekag£s..,„3i8.'.' foam strip (weather- 
stripping t ;/ 
32' corrugated stripping (foam or redwood 

4 pieces or 3/8" sheetrock 

2 pieces %" Celotex or equivalent exterior 
■' sheathing or paneling, i.e., 64 sq. ft. 

rough lumber 
4 pieces 8' corrugated roofing material 
2 tubes silicone' caulk— clear - 
1 tube regular caulk .> 
1 gallon good quality white latex paint 
1 gallon good quality dark color latex ' 
1 pint dark stain (for lattice moulding) 
200 sq. ft.' flat fiberglass/acrylic (greenhouse. 

quality) 

70 sq. ft. corrugated fiberglass/acrylic 

(greenhouse quality) 
250 sq. ft. polyethylene (greenhouse 

quality) ;/ " 

"6 55 gallon drums with 'tops (water tight) 
- and/or a number of smaller water tight 
containers 
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CHAPTER V Performance and Improvements 



THE BASIC UNIT 



The attached solar -greenhouse we 
great deal without supplemental heat or 
the 'extended growing season in such a 



have described will extend your growing season a 
farther modifications. The following ^raph 1 reflects 
over a year's period. 



unt 



Approximate Length 
-• Solar Attached 
Rocky Mountains 6000 



of Harvest— Assorted Plants / 
Greenhouse/Outdoor Garden ^\^'T*\^~^ 
-7000' (1,824-2,128 m) / 



Plant 



Gain in Months 



LETA FY VEGETABLES; 
LETTUCE, CHARD, SPIN ACH 

BROCCOLI, CABBAGE 

ROOTS AND TUBERS-ONIONS 
RADISHES, BEETS, TURNIPS . 

PEAS, BEANS / 

PEPPERS, TOMATOES, / 
CUCUMBERS / 

M E LO N S / 

HERBS-MINT, ; ;■ 
PARSLEY, CHIVES / 

HERBS-SAGE, DILL, / 
BASIL, CORIANDER . 

COMMON FLOW E^R SIN 
BLOOM — N AST URTIUM, 
GERANIUM, PETUNIA 

MONTH 



I- 



1 6-1/2 
\ 3-1/2 




^ 6-1/2 



1 



JAN FEB'MAR APR MAY JNE JLY AUG SEP OCT NOV DEC 



There's an easy way to estimate elxpected temperatures in your region. Most local 
weather stations maintain charts of average temperature ranges, sunlight days, rainfall and 
so forth for their areas. Get the information. Figufe that the passive attached greenhouse 
'with the recommended storage will average about twenty to thirty degrees- higher than the 
outside temperatures. This is a ballpark figure, without guarantee; we can't control how 
tightly you seal your unit, how much insulation you use, or even which way you point the 
thing. But this is a fair estimation of itsj potential if you have followed the design, build- 
ing and operation instructions carefully. \ * 
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It's a'good idea to test the performance of your basic passive structure throughout one 

year's operation. Chart the 1 highs and lows (indoor and outdoor); record planting, gerrriina- 

_ ■_ ^ _ ^ ... j 

trans and harvest times. These data will help you" determine whether improvements and 

modifications are needed. ' 1 

I should mention here that many people prefer Hot to shoot f 6^ year-round greenhouse 
operation. Besides giving yourself a break frdfti fiilltime upkeep of the unit, a dormant peri- 
od offers other advantages. The bedding soil can be composted; fertilized and given a rest. 
You can al'so get basic maintenance on tlie unit 'done during this time, and plan for the next 

"growing season. If you have had a major insect disaster in the fall/early winter .cycle' the 
rest period can be a good time to treeze the little parasites out of existence (open doors 
and Vents to the outside). On sunny winter "days you can still tap all greenhouse heat for 
hQme use, then cut it off at night. - . # 

*; The most common reason for shutting down during the four to six coldest weeks of 
the winter is an economic one. The amount of produce that you harvest during this time 

''may not justify.the cost of production,, either in terms of conventional' supplementary heat- ' 
ing or the cost of an active solar heating system. > ' . ' * 

If your goal is year-round production, or if performance improvements are definitely 
called for (your greenhouse freezes in July), you have three alternatives: 

1) Improve collection and heat storage, 

2) Decrease heat loss/Increase insulation, 

3) Employ conventional supplementary heating or bpeti the door to 
your home. ' ' 

We like the first two approaches, as they can be employed without tapping-convention- 
al power sources. In some cases a limited amount of electricity can .be justified, but much 
legs is used_than in conventional heating. Solar researchers have pursued two basic direc- 
tions in improving performance. They are passive and active systems" 

Passive systems emphasize the most effective relationship between collecting surfaces, 
potential storage mass within the structure, and the unit's insulative characteristics. In a 
»'pure"_passive mode there is no machinery hiaking*the whole system go. The home or 
greenhouse is the collector, insulator and heat siorer. ' , ; 

In a recent paper published by the United States Energy Research and Development 
Administration, J. Douglas Baleomb^and James C. Hedstrom of Los Alamos, New Mexico, 
clearly state the importance of passive sblar energy utilization. In their words: . 

Preliminary findings presented in this paper indicate that it is reason- 
able to expect comparable solar heating performance for a passive sol- 
ar building as for an active splar heating system for the'isame collec- 
tion area. This is a robust result. The implications to the future de- 
velopment of solar energy for' heating buildings could be'profound... 
A number of examples of passive H&lar heating concepts have been 
buijt into structures ajnd recetyed^ide§pread attention. Most use ex- 
tensive south exposure glass to adTtiU low r angle winter sunshine to the 



building, and extensive use of mass heat capacity inside the thermal 
envelope of the building to store heat energy. Despite the publicity .- 
given to these projects and their apparent success in saving energy, they 
haven't been widely adopted. 

• We feel that a great deal of emphasis should be placed on the desjgn of passive systems. 
For this reason we suggest that you make all possible passive improvements before ventur- 
ing into an active solar system, f 



INCREASING COLLECTION , 

It's conceivable, for-instance, that you haven't provided enough collecting (clear) 
walls for your particular conditions. You may discover that the clear roof areajieeds ex- 
panding to allow the sun to hit well up in the back wall during December. Or •you might 
have an east-facing frame wall that could collect enough morning sun to justify its being 
i completely clear. It's not too big a job to convert all or part of such an insulated frame wall 
to double glazed plastic. Just remove the inner and outer paneling and insulation, paint the 
studs white, then stretch your coverings as described in Chapter IV. 




FIGURE 30 
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Another way to increase collection is to bounce or reflect more light into the unit. 
A reflective panel hinged off of the bottom of the front face can also act as an insulating 
cover (see Figure 30). Hinging reflectors. off the sides or roof can also increase collection, - 
but the damage that could be done by high winds should be considered. A reflector can 
increase available light to a collector surface by 40 to 50%. Also;.?don't underestimate the 

value of snow- as a reflector. If you live 
in an area which experiences full winter 
snow covei;, don't shovel it away from the 
south of the greenhouse. Leave it there 
and throw on clean snow when it gets 
dirty. 

A third way to raise ambient air tem- 
peratures through controlled collection is 
to employ a Venetian blind device. The 
Tucson 'Environmental Research Labora- 
tory is experimenting with such a blind; 
it hangs between glazings in a window or 
in front of a Trombe or clear wall, creat- 
ing convection currents of heated air with- 
in the unit (Figure 31 ). It is painted black. 
If the blind is partially or completely clos- 
ed, its surface acts as a heat absorber, open 
^it allows you to look through it. Because 
of its convectiye function, the Tucson re- 
searchers believe that o-nli cloudy day 
(diffuse radiation) the partially closed 
blind raises air temperatures more than 
direct transmission. (See Franta, page 103 
FIGURE 31 ' C hapter VII). 

Simple Venetian blinds hung beneath the interior glazing of the clear roof of a, green- 
house, painted black on one side and silver on the other, do several things. They raise the 
air temperatures before the air»enters the home. This speeds the convection. pattern and 
provides better circulation. The silver bottom would stop some radiation loss through the 
■--ele-ar roof at night; In warm months, the silver side is turned up for an infinite number of 
shade settings. 

Tuiother way to raise ambient temperatures is to install a conventional flat plate col- 
lector below the level of the greenhouse, or in a low section^ of a clear wall. It there is 
adequate space for air passage between the two, a convective locfp will establish itself (see 
Figure 96, page 1,32). . \ 

A more intricate passive way to raise' temperatures is seen iiHhe Pragtree Farm Unit 
(Figure 90, page 1 25), ~- '.>-■ 
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INCREASING STORAGE 



Increasing passive heat storage is a viable option for improving performance. Fifty- five 
tiallon oil drums full of water are the most common form of "direct- gain" storage. The 
basic problem wfth Htty-five gallon oil ' ' 

drums is that they are ugly (Figure 32). 
It would take a design genius to make 
them otherwise. 'Your family may. not let 
you bring them into the greenhouse. For 
maximum efficiency, the drums should 
be painted Hat black; this does not im- 
prove their appearance. They are cumber- 
some, usually bent and greasy. Some'sug- 
eestions: *" ' 

1) Buy new, shiny, unbent drums 
from* the drum factpry ..highly unlikely, 
as the oil companies that own the factor- 
ies choose to peddle them full or at $12 
a whack empty'. 

2) Clean used barrels with Gunk 
Remover, treat them with a primer, then 

"paint them a beautiful flat dark earth 
-.'tSolor instead of black. J - 

3) Decorate the noncollecting areas 
of the drums to suit your fancy and taste. 

4) Train plants around the sides and 
back of the barrels. 

5) Incorporate shelving and plan-ters 
on the top of the barrel installation. 'figure 32 

However ugly they might be, tlVe dmms' effect on your greenhouse can be beautiful. 
Consider the fact that if direct sunlight raises the temperature of the water in a fifty-gallon 
drum thirty degrees, y6u will have stored about twelve thousand BTU 1 s of heat energy. 
Water stores three to four times as much energy per pound as an equivalent amount of rocks 
or masonry. ( -, ■ _ \ ' ■ 

The drums can be stacked near the back wall or wherever they will catch direct sun. 
and not shade or be -shaded. If they are stacked on end, stagger them slightly ; to allow space 
for filling and air circulation. If you have enough room, lay the barrels on their sides with 
the, filling holes facing up. See that the drums do not touch the greenhouse walls or they 
. will conduct heat to the walls that could otherwise he' used to raise ambient air tempera- 
tures. 

A variety of other water storage containers can be employed. They include water- 
filled beer cans (see Doug Davi,s, page 97), glass and plastic containers of all sizes, dis- 
carded gas tanks from cars and trucks, rubber and vinyl pillows, open metal vats and used 




^galvanizes steel tanks. The ..important 'thing is to check that no direct gain storage uninten- 
tionally shades storage behind it.-' For this reason various sized containers, lower to trie 
south and higher to the north, are advisable. , >, 

Another; direct-gain storage modification can be applied to inside walls that re- 
ceive sunlight. This* caption is to add thermal mass to the walls by facing them .with brick 
or dense stone. The passive facing 'should be of a dark color and nonjreflective texture. Tt 
will store collected heal^and give it up to- the interior in the" same way the water tanks do. 
The existing wall that you have covered will insulate against heat loss to the outside. ' 

Be f sure to "tie-in"'the massive faeing to 'the old wall with metal straps or lath to avoid 
separation. Memorable injuries could be sustained' if the monolithic structure were to top- 
ple while you mulch your melons below. Rocks or bricks ca^be made into beautiful raised 
planting beds, doing the practical job of storing 'energy while improving thermal storage. 

A similar- modification can be made in the greenhouse floor. A thick concrete slab 
and/or stone paving added to the floor can act as a "heat sink" for storing thermal energy. 
The stone or concrete surface should also be dark and flat in color for-- maximum absorp- 
tion. For best results,' insulate against heat loss°into the ground by putting a layer of pum- 
ice or styrofoam linger the floor slab. : . ' j 

The soil in the' planting Beds can provide passive thermal storage. In the author's Unit 
Jher^is-arrestimated 4000 pounds of : blajck mountain earth. Again*, an insulator like; dry, 
pumice, gravel or styrofoam (with hojes for drainage) should be under the storaee. v i 



/INCREASING LOSSES 

Let's take a look at the second option 1 mentioned: decreasing heat losses/increasing 
insulation. These two areas of improvement go hand in hand. For starters, if you have a 
wind chill, factor inside the; unit, that's a problem. Places wlijjre those little zephyrs 
whistle- through x the structure should be plugged up. They usually occur around door and 
window frames, roof and wall junctions, plasticrto wood joints.;!.. let's face it— anywhere 
you have put two piece^of the greenhouse together. These "infiltration losses" are the 
' most common and the easiest type to correct. Simply grab most any pliable material ;handy 
(hopefully with some insulative value) and cram it into the crack "or- hole with a screw- 
driver orpbent coat hanger. Leftover fiberglds insulation pulled cotton-candy style off its 
backing js recommended. 

Sorhe"air leaks, such as those that occur where a vent or door meets trie jairfti, will 
require Conventional weather stripping! A caulking gun full of sealant will eliminate most 
others. Squeeze, 5 an even "bead" of 'caulking material along all joints that pose a problem. 

Convective and conductive heat losses are those caused by air movement within 
the-jyvalls, roof and clear-wall areas of the greenhouse. Reducing these is more difficult 
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than plugging leaks. First check whether you -have cold spots on solid walls or in the insu- 
lated roof. Go into the greenhouse after a cold night and feel around on the walls. Your 
hands will tell you if you have an isolated area of high heat loss. It will be noticeably colder 
tha'H the rest of the walls there. If you find the culprit, add more insulation. In a frame 
wall, put it on the interior side or in the wall. Oi]t a massive wall, put it outside. 

In a well-sealed greenhouse, the greatest losses will occur through the clear wall and 
clear roof areas. Traditional (all clear, exposedVgreenhouses rank among the most energy 
///efficient structures ever built. That is why solar greenhouse designs use clear surfaces 
only where absolutely necessary for heat collection and plant growth. Still, energy will be 
lost!' at' an amazing rate through the skin when the sun goes down. * • 

Multi-layered (more than two) glazings add some insulation to the skin but also de- 
• crease the transmission "of light by about 10% for each additional layer. Recent studies 
have found that a triple glazing is justified in areas that have full winter snow cover. The 
added reflection of the snow makes up for the loss in transmission. Several universities and 
chemical companies are experimenting-with a poly-film application that is opaque to the 
i-inj'r a-red on the inside. That would 
keep much more' heat in polyethy- 
lene greenhouses. . 
One time-tested device that can , 

insulate your clear walls is a cur- 
"tain or drapery. Pulled closed ini 

the evenings or on 'cloudy days, 

thfecurtain should seal as tightly 

as possible to be effective. Ideally 

the curtain should have a reflective 

surface (such asaluminized mylar 

or tin foil) facing the air space jn 

the interior. A disadvantage to the 

curtain is that you have to be pre- 
sent to operate it (unless, of course 

you install a motor with a heat or 

light-activated switch). 

A more simple approaches to 

use rigid foam panel^ to fill the 

clear areas at night. Clips and mag- 
nets have been used to attach the 

rigid panels (see Zomeworks, page 

130, Chapter VII). The obvious 

disadvantage is that the panels 

must be removed and. stored dar- 
ing collection periods. You might 

devisei a mounting system for the 

stored panels in which they double 




FIGURE 33 
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as interior reflecting surfaces to combat phototropic plant growths 

Another type of insulating' curtain is made from rigid s.tyrofoam or polyurethane 
panels sandwiched together with cloth on alternate edges (Figure 33, page 59)7 This ori- 
ental-style curtain is stored at the top of the clear wall and lowered via a cord or wire that 
- runs through the panel centers from top to bottom. ^ 

In any vertical curtain arrangement, the fit must be tight when closed or thevsys- 
' tfem may defeat itself due to the "chimney effect." Thermal action can set up convection 
currents between a loose curtain and the clear wall, Causing heat loss; greater than were the 
k curtain not there : A horizontal curtain similar to the one discussed in Appendix C, page 1 55, 
_ btit manually operated, can be pulled across* the interior of your greenHckise. It would keep 
mpre heat down neaf the thermal storage. : . ' "' 

I Insulating materials on the outside of the structure offer another solution to the heat 
los^s problem:. Tfie one shown in Figure 30, page 55, that doubles as a reflector is an example. 

Any blanketing system would' help maintain higher nighttime temperatures in very 
cold weather. This winter I will be using exterior rolldown blankets made for. covering 
cement. They are 1 - 3" thick with a flexible insulation interior covered vHth waterproof 
black polyethytene;'€#ment cdmoanies sell or rent. them. 



ACTIVE SYSTEMS 

■ Passive systems all demand your presence for their operation. An alterrTMive, an 
automatic insulating wali, hss^een developed by Zomeworks in Albuquerque, New Mexico. 
The design is active in that it\ses electrical blowers t'o -fill a double-glass cleft- wall with 
small styrofoam beads when temperatures drop. The "BeadwalP® acts as a solid insiffeted: 
barrier when filled, and a transmitting clear wall when the beads are automatically vacuum- 
ed out. ' ! ■ i ' ■ 

With the Beadwall® we get into active system options for improving greenhouse 
performance. An active, system involves collecting, tnen moving heat energy (via watej or 
air) with* a pump or blower. It is then transferred to a storage medium (rock and/or water) 
for immediate or later use. Heat of Fusion Storage, using salt hydrates as the storage me- 
dium, is a third alternative, but as we know of no present applications in greenhouses, we'll 

' omitjit here. ; . 

One' relatively simple active hot-air systeni that has been used in solar greenhouses is 

Ashowjn in Figure 34. Hot-air is tapped from a high area in the unit and then ducted beneath 
floor level to a rock bed where it is stored. The fan can be activated by a thermostat that cuts 
in when the ambient air temperature reaches seventy degrees. At night and on cloudy days, 
the rfDcks radiate heat into the unit. Alternatively, a second fan can be used to direct the 
heatdd ai^ through the rock bed into the greenhouse* For working examples of this system, 
see Chapter VII, pages 100 - 101. 
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A successful variation of this 
system features exposed rock stor- 
age through which hot air from 
the greenhouse ceiling is pumped 
see Figure 35). Exposed rocks 
are cQmt^ined by wire mesh and 
serve as ta'bTe^-piat forms (see Fig- 
ure 36). The rocks sCowiheat from 
..direct sunlight as well as froYrsthe 
heated air fanned through ducts 
from the ceiling (see Jemez House, 
Chapter VII, page' 93). Doug Bal- 
comb (Chapter VII, page 111) has 
chosen to build his rock bin in an 
insulated box inside the green- 
house. The beauty of this system 
is that it can be added later if 
additional storage is needed. 

Another active system option 
is to use an enclosed solar heater 





FIGURE 34 

I (air or water) mounted on the greenhouse 
j roof or inside the unit. If it is a water sys- 

i ■ •• ~r~ 

; tern, liquid will be. pumped through-' the 
collector into a large storage tank (pps- 
sibly underground, surrounded by rocks 
and insulated). When the sun goes down, 
heated water bypasses the cool collec- 
tor, making a closed circuit from t,he hot 
storage tank^hrough baseboard radiators 
in the greenhSuseror a conventional heat- 
transfer blower. 

Disadvantages of this type pfjsystem are 
the high initial cost and the technical skill 
required for its success. Another drawback 
to a pressurized-.and circulating hot-water 
system is tharif the electrical power to 
■pump it tfalis, the (water stagnate^stops 
mbying) and superheats, blowing out the 
entire system— or at least the pressure re- 
lief valves.. This can be discouraging. .. 

Components such as collector .-boxes, 
pumps, blower's .and so forth are commer- 



FIGURE 35 



cially available, but the final arrangement, 
or system design, is left largely up to 
the individual. I suggest that if you plan 
to incorporate .a complex active system 
into your greenhouse, buy the more im- 
portant components-rather than building 
them yourself. Playing the solar inventor 
is an exciting pastime, lft|§gjj. can be very 
expensive and give birth ft^miny a white 
elephant. My first solar cowctor box 
clung precariously to the root, rusting 
and rotting in the weather. Its vacuum 
cleaner blower sounded like a -freight 
train howling through the house. In short, 
it was a. $1-50 mistake. If you do feel 
qualified to construct a collector, at least 
follow plans for -units that are prove.n 
effective. 

A proven and inexpensive water heating 
system is the "batch 1 ' '\mfk or "bread box." 
The unit is used as a pre-healer for your 
\ figure 36 conventional hot water or directly in small 

applications, ft consists of a lank (40 -"60 gallons') enclosed in a reflect ive box and -piounled 
in the apex o ! |" the greenhouse. It runs off the home line pressure and, hceause'of the 
large volume, doesn't, run the risk of overheating. To prevent the danger of freezing out, 
leave large ImtesJiillLe hat|mu.4.g-rcajLnh^u-^----fecit>g-)'^ , )vvi" or ma-ke a moveable reflecting/ 
insulating exteijior covet. Still\cfired of freezing'.' Bypass and drain the system for the cold- 
est time period; \ - 

A forty galion4ank like this\ willTaise water temperatures to' the gas heater about 40° 
Zomeworks (Chapter VII, pagc\l30), sells plans for bread box heaters. 

Complicated high temperature hot water systems cannot presently be economically 
instilled in greenhouses. Avoid th|em. Use air or low temperature water as the heat ex- 
change inedium, if an active* systeiu is what you need. Refer to the rock storage systems- 
in this chapter or in Chapter VII. You will be surp/iscd at the performance of the passive 
units and the simple improvements we've described, - - 




CONVENTIONAL HEATING 

The third alternative for improving greenhouse performance is to employ conventiori- 
t ah supplementary, heating. The solar pirr'ist will object violently, but ..there- is a great deal 
of validity in this.option.Jf you have built your solar greenhouse properly, the amount of 
conventional fuel needed to improve perfoianance should be minimal. For the greenhouse 
operator in extreme climates who shuts down the unit for a month or so in the winter, the 
timelretiQd^When supplementary heating may be needed will tje brief. 

A smalTg^^Celectric. heater that cuts in at 35 or 40 degrees can provide an early be- 
ginning for the late wmfeT^spjcing crops and a healthy harvest injthe fall/early winter period. 
The heater shouldn't be neceslsary : t3^t_^ften, arid on jkeconbrriic level could be justified ' 
by the yield of produce and flowers. Oh a purely^niatoi\arTevel, a smaltlreater can elimin- 
ate your anxiety over those tender young seedlings thatVhavfe-^o bravely sprouted in late 
January. ' , — \ ; \ 

_■. In my greenhouse I rely on anvood-fired pot belly stoveWalpidjoirrin^r^rn^^ 
gencies. I stoke it up on cold, clear^ nights following snowy; or cloudy days. As fhe effort 
and Wood consumption isn't great, If eel justified in using this option. 



COOLING THE JGREENHOUSE 

Thus far we have been concerned exclusively with keeping the greenhouse warm. 
Another common difficulty arises from the opposite problem: maintaining tolerably cool 
temperature levels in summertime. Again, if you have built in the cojrect amount of 
solid^roof area- for shading, provided proper ventilation and thermal mass, this should be - 
controllable. If your unit still overheats, however, screen shading is one way of correcting 
the^situation. Greenhouse suppliers market a number of pfestic sun screens thkt can c#t 
down the incoming light anywhere from 15 to 85' percent. Barahop curtains are another 
possibility; they are usually more expensive but to many, worth the exltra cost (see" Figure 
37). Bamboo-like plastic curtains are effective^and cheap. Get white or a lightcolor. 

A traditional method of cooling greenhouses is to whitewash. the 1 outside. of. the Clear 
surfaces -in {he summer. This is time consuming, relatively unattractive, and could have 
adverse effects on fiberglass-acrylic produces. ! 

Another type of passive cooling involves placing a small pan of water in tront of 
the lower ventrRohTTh^1jjp^of-44%e=^^ burlap, allowing tb.em to dangle 

down into the water. Water will seep up the" biuia]T(Trref»vd^ effect). -The natural convec-' 
tion of the. heated air exiting from : the higjrvent wiirplITreva^^a^ely' cooled air through . 
the greenhouse. „- j % : 

An exhaust fan is inexpensive, uses little power and can /be mounted in the upper vent 
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t figure's'; 

pl the givcnJunijiiL . WiMurvrTu'ver' bail lo use it in our designs' but would as a last resort. 

So. hi lions that w e ha\ e used effectively lor cooling mehule taping large sheets, of hulch- 
er paper or newsprint to the insii|e plastiCyand/ or grow ing'' w alls of shading plants ( inside 
or out) to block incoming light (see Chapter VI. page 70). 

A niist^spraying. oa^v^rjJxgj|T t h e floor; rocks and earth boils arouml noon on hot 
summer days will lower temperatures^ to I 2°. This lufs been very effective tor u\r 

' Cooling vents can be opened and closed by heat activated pistons." I'bese are totally 
passive meclKinisms and otdy moderately expensive. . 

II you have made the mistake ol" buying a poorly designed commercial unit thai ov er- 
heats, try large shading panels of masomte or sheets of opaque plastic on the roof. 

In combatting overheating problems, remember the general r^ile that low-angle warn 
ter sunlight is lo be allowed into the tmiV. wlTile^igTi^hgle summer ra\ s are to be partlallv 
blockcif A common misconception is that all plants must have direcl/sunlight lor healthy, 
growth. I bis is simply iTnt the case. Also.\man\ books will tell you' that t he greeiiTiouse 
must stay under 1( X5 l) and not gel colder than. 55°. That may be true for orchids, but most, 
vegetables are hardier. They can thrive in nutch higher and low er temperatures than that. 
Cure I u I planning anil placemen t ; of your crops\ai7d the use of reflec teifligh I . will get tan- 
gible results for your enjoyment jaiul nou rishmeiiM. 



CHAPTER VI 



The Greenhouse Garden 




e of the most innovative aspects of the- Solar Sustenance Project greenhouses 
that they are geared mainly to the. production of vegetables— food crops— rather than flow- 
ers and house plants. Food production (and surplus solar heat| transforms the greenhouse 
froin a luxury- item to a functional addition to the home. The Solaj- Sustenance Project 
units have produc ed fine crops; t heir size and variety is dependent, of course, on the amount 
of time and care the owner can offer. j ' * . ..' . 

Gardening is a subject that fills volumes, (as you weltkhow.|.if you've browsed through 
• that section of a bookstore lately). Check our bibliography for books that cover the whole 
realm of gardening. In this chapter we iare going to have to limit ourselves to plants that • 
we liave* grown in our greenhouses and can. tell you about with honesty and confidence. 
However, we are always trying new ones and different planting arrangements, and we. hope 

you will do likewise. . " ' 

- . .. % . 

We should point out that the greenhouse gardener has some advantages and problems 

that the outdoor gardenej does not have. Planting space is much more limited, for one thing. 

Also, an attached greenhouse is an integral part of your living, environment; your home. 

scares in the problems of the unit (insects), as well as deriving benefits from it. > -•" 

/ The greenhouse gardener does have one great advantage oyer- the outdoor gardener: 
/you are not as dependent on the weather. Low- temperatures in the cqidest part of the 
rwintijr are the only exceptiorL-The ravages of wind, hail,' drought and-frost have. no effect 
; on gfeenhouse v plants. whereas, outdoors rthey can and do destroy many cropsrTn^ire-higrr 

m ou n tain valley where <the Fishers live, midsummer-hailstorms are a constant threat. The. 

farmers there say that they don't call a crop successful until the food is on the table—As a 

greenhouse gardener, you enjoy both a greatly extenjded and a much more predictable 

growing season, due to your'control over the climate in|your unit. ■ 



GREENHOUSE>LAYOUT 



The size^ shape anil number of planting areas included in your greenhouse will be 
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determined by the configuration of the unit and youi[ own judgement (practical and aes- 
thetic). However, since, space is limited, /plan the layout of planting areas with, the utmost 
care. For maximum'productivity , leave very narrow walkways and put the rest of the floor 



extent possible and you'll find that 



area into beds and 
Vertical space 

there's quite~a~bTt of it. Shelves lining~solid walls and hanging planters are two methods 
I have- used. I've aliso installed moveable shelves on brackets along the clear walls to hold 



ables. 

should also be used- to the greatest 
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trays of seedlings. By June these 
shelves can be taken down and 
stored (Figure 38). Temporary 
tables can also be erected in beds 
for seedlings ( Figure 39). Another 
good way of using? vertical space 
was devised. by the University of 
Arizona Environmental Research 
Laboratory. It involves a series ot" - 
hanging pots, attached one above 
the other (Figure 40). This-ihgeni- 
ous idea really makes the most of 
greenhouse growth/space poten- 
tial. . 



Some of the space in your unit 
will have to be given up. to. equip- 
ment. If you already' have a tool 
shed, then you won't heed too 
much storage area in' the green- 
house. But, empty trays and pots, 
cartons of seedlings, small liarfd 
tools, containers of fertilizer and 
other basic necessities of green- 
house living do accumulate quick* 
ly. When planning the interior 
layout, leave space for equipment 
and a comfortable amount of 
standing room. 
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SOIL .. V 

Gardeners used to "taste" their soil before planting. If it tasteefsour or bitter, it was 
not good. ..for raising plants, but if it tasted sw^et, a high yield could be expected. The soil 
that tasied sour was too acid; soil that tasted bitter was too alkaline. A good balance be- 
tween t he-a c i dity . an d alkalinity of-soil is important for a good harvest. If you prefer not 
to, it is not necessary to taste the soil. Instead, send it to a county agent or buy a do-it- 
yourself soil testing kft. 

A healthy plant needs Nitrogen (N), Phosphorous (P) and Potash (K) from the soil; 
trace mineral elements are also necessary. Nitrogen is needed for growth, particularly for 
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green Leaves. Yellow leaves and poor 
growth denote a lack of nitrogen in the 
soil. Organic matter decaying to humus 
*§eleases nitrogen slowly, but is a steady 
source. Cot tonsee d m e a 1 i s a nother ex c el - 
lent source of nitrogen. Phosphorous is 
needed for roots/ fruit development and 
resistance to disease. It comes from organ- 
ic decay mg nialteriuid from ground phos- 
phate rock. Potash is needed for the cell 
structure of the plant, ft comes from or- 
ganic matter, from wood ashes and from 
green sand. Trace mineral elements come 
from a variety of components in organic 
matter. Most plants like a neutral or slight- 
ly acid soil. 

Your soil should be 12 to 16 inches 
deep. Good drainage is a necessity. 
There should be .6" to .8" of pumice, 
sand, vermiculite or pea gravel under all 
of the soil in your beds. We have not tried 
it in our greenhouses, but from the read- 
ing we have done, we feel that the Biody- 
namic French Intensive method of garden- 
ing will probably adapt well to the greenhouse but wil| need deeper beds. Contrary to tra- 
ditional greenhouse techniques, no one in the Solar Sustenance Project (about 25 producing 
units) has ever sterilized their soil. You do not sterilize your outdoor garden soil, do you? 
Besides, how can you get that much dirt into the oven? 

Greenhouse soil should not : bea.v dense as regular garden soil. It is lightened by adding 
other materials. Two good soil mixtures are: 

; -• { A rich organic topsoil 
Va coarse sand 
. l A peat 

'/i vermiculite or perlite 
Lf you live near the mountains, try this one: ' 

■■ - — : 1/3 black mountain earth (found under the pines) 

1/3 arroyo sand (river bank) 
1 /3 pumice, perlite or vermiculite. 
Soil can be kept and used for a long time in a greenhouse, but it must be regularly 
enriched with compost and organic matter. Rotating plants and using nitrogen fixers^ucti 
as peas, in various locationsTielps keep the soifvta-bte. Mtrt ch ing Q t rtytlowiroTT water require- 
ments and does add some nutrients to the soil. (See later sections on crop rotation and fer- 
tilization,) ; 
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The soil in the greenhouse must drain well. Plants do not like sitting ink puddle of' 
water. If your soil is on the heavy side, add a good portion of vermiculite and organic mat- 
ter. Airis ariothet vital ingredient in the composition of healthy, fertile soil and, in pWdEfc- 
ing well-rooted plants. 'Along with using organic matter, another Way to aerate, and allow 
water to penetrate the soil is by providing a good supply of earthworms.' Xhey fertilize soil 
.by mean^ of casts which are rich in nitrogen, potash and phosphate. Earthworms- also help - 
< balance/ the composition of the soil; if your soil has a goodly number of earthworms In it, 
you do/not need to add nutriertfs or worry as much about insects. There are over two thou- 
sand Rands of earthworms but the two which are of intere-st-in .the greenhouse are- the soU 
ingesting blue and the manure and compost insestine red. Both make humus. 



.HYDROPONICS VS. SOI^ 

Hydroponics is a method of highly controlled agriculture whereby plants are grown 
in a "non-soil" medium such as sand or v ermiculite. A ba lanc e d diet o f n utrients is fed/di- 
rectly to the root system. ' ■ 

There is a long standing battle raging between hydroponic and soil aficionados. Hydro- 
pome gardeners claim as high as 300% increases in yield; soil users retort, "Hydropdriic 
plants a/e chemical junkies and besides they don't taste good." 1 have'liinited experience 
with hydroponics but- have found, the fpllowingr * " ' 

1) Hydroponic plants »are more dependent on continuous care. A soil plant in a 
deep bed can survive several days in midsummer_witlmu4-w-atering. A hydrop-onic plant 
will . die >*' its feeding is missed for a day. For this reason, most hydroponic operations 
call for an electric timer, feed batch tank r tubes (o plants or containers for feeding and drain- 
age. In a small, home operation, these items are not particularly expensive or energy con- 
suming. . : "*\ ' I * 

J 2) Lhave seen plant growth and densities in soil that are not surpassed by any hy- 
droponics techniques (for example, the Tyson's greenhouse, Chapter VII, page $9, and 



photo on next page). Given, this is a small operation which receives a maximum of ten- 
der love and care. In a larger commercial unit increased yields by hydroponics are docu- 
mented. • ' , 



3) The^soilin beds and on tables has the ability to store heat. Some hydroponic 
media such as pea-gravel can also t-lier-nwlly-eh-ar-ge-btit-otheT media such as vermiculi('c~dbes" 

^j io^ho ld much thermaLslbrage capability'. - L. : " : 

4) T 3 l!n^4ifi J ramplete novice I 'recommend starting with soiTfThe "greenhouse is a 
new experience by its^TT'Tim^d^ed element df hydroponics rrfight complie^ealungs^Aftef^- 
you have Bad some experience with^Rtr^^nhouse, run a hydroponic experiment and then 

v decide" which side of the battle to join. ° 
We have included some good hydjfcponic books in the reference list. 
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FIGURE a 1 



FERTILIZERS" 



Every, time, a crop is. harvested, the soil should be fertilized. Remember: you're ask- 
ing a great deal more of the greenhouse earth than the garden earth in terms of length of 
the growing season and density of the crop. Because of the relatively limited space, most 
greenhouse owners plant intensively. Many of them, including the Fishers and Yandas, 
deliberately crowd their crops in order to squeeze every, last tomato, 'bean and-pea from 
the unit that they can. This type of iniensive planting does work, if the soil is rich enough. 
Regular fertilization is the primary way to enrich the soil. ^ 

There are many different types of fertilizers. A local nursery can recomm-eftd- a v a ri - 
ety. bT-basic dry and liquid commercial brands. If you apply any of them every time you're 
ready to plant a new crop, the soil slLOuld stay in good condition. Your plants are the best 
indicator of insufficient fertilization. ■■-*..' ? 

Organic fertilizers,--such as. manure and compost, work beautifully. We have found 
dry cow manure to be very effective. TCbep in mind, though, that every time you bring 
foreign matter into the unit, you run the risk of bringing harmful insects with it. 



Manure and comport should also. tie added to the soil while the plants are growing 
and producing. Frances Tyson-makes what she calls "horse manure tea" by soaking fresh 
dung in a pail of water. Frances.periodical'ly pours this hearty brew on her soil; the health 
and beauty of her plants (see Figure 41 ) testifies to its value as a Fertilizer. 

Many people believe that organic fertilizer is more 'effective overall than chemical fer- 
tilizer ( ; we're among , this group ^.-We have used fish emulsion very successfully. 1 like the 
stuff; it makes my whole house smell like Provincelown, Massachusetts, for a couple of 
days. But' what you use "depends to a great extent on what is available. The most impor- 
tant thing is to fertilize regularly, lavishly and deeply. When fertilizing, turn over the 
soil with a shovel or pitchfork. Dig down, to the bottom and really move that earth around. 



You will bury the fertilizer deep into the soil, 




lie best place for it. It will feed the whole 
root system of your plants and also en- 
courage the roots to grow deeper, thus 
creating a firmly and well-rooted crop. 

Mulching is another good way to en- 
rich the. soil and keep it evenly moist. 
Mulch with organic substances that break 
down readily into humus. Grass clippings, 
leaves, wood shavings, vegetables and oth- 
er leftovers anything you would com- 
post will work very well in the green- 
house. Frances Tyson has successful]y_ 
turned her beds into compost piles, using 
nearly all her ofganLc garbing e as mulch and 
fertilizer. She k*eepsa small jug by her sink 
and every day or so turns her "garbage" 
into her greenhouse soil. 

C%t an image in your mind of the 
soil as a living element. Nourish and care- 
for it just as you do your plants. The soil 
essentially makes the difference between 
a sterile and a fertile greenhouse ( Figure 
42). 
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PLANTING LAYOUT 

' r 

\ Before plantiiim, give carelul tlfoimht to the liulu requirements, wainim necus, si/.cs 
afrd shapes of various crops. Plants in the front beds will get more direct sun. ('See Figures 
43 and 1 44.) 1 have found that all the crops I've planted grow vigorously in the front beds, 



so the real challenge is finding plants that will grow on the north side. 



Profile . SPRING-SUMMER-FALL 

A. Shading plants " 

B. Fruiters. Tomatoes, cucumbers trained 
up twine. Trim foliage, squash, melons. 

C. Seedlings-herbs, fruiters. Hydroponic 
table. 

D. Low light, co.ojest greens. In late sum- 
mer new fruiters can go here. Climb- 
er's, flowers. 

E. Flowers, shade lovers. 

F. Barries, shade lovers. • 
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- Peas seem- to" do very well in back beds; broccoli and Jierbs do all right, also. 1 have 
"never given my pole beans a choice; they are automatically planted in the most tmobiru- 
sive bed, in the back eastern corner, where they still receive enough sun but hardly shade 
the other crops^ Generations of beans have been verv content in that bed. 

Profile: WINTER 



A. Lightest, coldest/ Leafy greens, radish- 
es, peas, broccoli, roots, tubers. Carry 
over fruiters. 

B. Light, cool. Herbs, greens, flowers. 
Transplant seedlings. 

C. Light, warm, hanging pots, flowers, 
herbs. 

D. Light, warm.' Winter tomatoes, pep- 
pers. Chambers, beans, houseplants. 

E. "-Low light, warmesjt. Start seeds, 

sprouts. (Oh shelves; bread will rise 

.■■ V - . . 

wellhere.) 

F. Shady, cool. Berries- 




Fin i 



"You will probably want to experiment with a variety of planting layouts. Just remem- 
ber to give extra attention to crops in the fear. Provide them with as much light as possible 
through the use of reflective surfaces as described in Chapter V. * 

_____ . _ _ ■ x ■ 

In the overshaded greenhouse, plants "tend to become phototropic; i.e.^-tiiey^.grow to- 
wards the sun in the direction of the clear walls. Extreme ; phototropi_m can affect the plants' 
vigor and ability to produce; again, you can combat this problem with the use\f reflective 
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FIGURE 4 5 

devices along the solid walls. Also, potted plants and seedlings for transplanting may need 
to.be turned, just as they do on a windowsill, in order to compensate for pjioto-tropisnf. 

As you get ready to sow your seedsT'keep in mind that most greenhouse owners plant 
intensively and tihat it can work quite well (see Figure 45). The number of plants that y.oti 
can cram into., one. bed defends a great deal on the fertility of the soil. Under good condi- 
tions you can cut the' recommended spacing by %ths for many crops and get a fine harvest. 

Intensive planting may affect the appearance "of some crops. My chili peppers (spaced 
about two to three inches apart) were spindly plants that had to mutually support each 
other to stand upright. But they produced an excellent harvest-each one lad.en with pep- 
pers. " / , 

\; ■ I had six tomato plants growing in a 5 x 3' bed. By July they were massive and pro- 
duced all the tomatoes we could eat wijllv plenty for canning. The plants were Overflowing 
the borders of the bed and advancing down the walkways by October; still they couldn't 
seem to stop producing. By the end of December they were completely out of control, 
threatening to, take over the adjoining 1 room in the house. I harvested grocery bags fitil of 
tomatoes just before my winter freezeout. 

On the basis of these and other experiences, I'd say that intensive planting can be 
very successful in the greenhouse. Just keep in mjnd the nourishment your soil will need 
in return. 



THE VEGETABLE PLANTING CYCLE 

Don't grow any vegetable that you doil't enjoy eating. It's ho major accomplishment 
to grow radishes or other hardy e o Id - w e a t h er.l c ro p s i n you* solar greenhouse at any time 
during the year. But if you dislike radishes, \then it's a waste of tirne and soiljiutrients. 
Raise the vegetables that you and your family eat and' your success- will be measured not 
only in terms of what you can grow, but what\you use. . . s- . 

Having paid this, we encourage you to plant any vegetables or flowers that you espe- 
cially like. If you take proper care of the plants, start them at the right time of year, ward 
"off insects and follow the other basic procedures we are suggesting, there is no reason why 
you can't grow almost anything you want to. We urge you to experiment, particularly if 
you enjoy gardening enough to take, a few risksun return for possibly spectacular results^ 
Imagine how you would like your greenhouse^ look and them simply bring that vision 
into reality. It can be done. \ 1 " 

Thus far we have'talked jnainly about vegetables, but^don't feel compelled to use, 
every square incfh of the greenhouse for edibles, flowers adcf color, fragrance and beauty„. 
to your unit year round. If the greenhouse space fs an attractive one, you'll find that you 
want to spend time in it and maintaining the plants will he." a pleasure. The plants will 
enjoy and benefit from your company. This makes^ a crucial difference in the success of 
a greenhouse. ' \ . ' 

,. Greenhouse seasons are different than those ^outdoors. Summer comes early ajid 
lingers- on. The plantii^g cycle in the greenhouse is hasedion this Extended summer. The 
Fishers have divided the cycle into three time periops: late wintery spring", summer, and 
fall/early winter. Tlie actual months these perijods cpvefr run from about mid-February 
through May, June through mid-September, and mid-September through mid-December. 
Some crops will be harvested within one period, others will extend over two cycles and 
still others, notably tomatoes, will continue to bear through all three cycles. 
\ The following planting cycles are based on first-hand experiences in. the Fisher and 
Yanda greenhouses. We. are including both as examples of different modes of operation |n 
,twb different climates. It might be noted that neither of tihese greenhouses have any water 
storage- or clear wall insulating;- covers. 

The Fisher Greenhouse 

The Fisher greenhouse is located in a mountain valley^ in northern New Mexico, alti- 
tude 8.000 feet. 36 degrees north latitude. El Valle experiences a high number of cloudy 
days and the last killing frost is usually in earfy=to-mid-Jurte. TJie unit is attached ,'to an 
adobe house. The design of the greenhouse is quite similar tolthat described in. Chapter JV, 

but it has a vertical front face rather than a tilted one. The Fishers have chosen-to shut the 

* l \ 

unit down for two months each year (winter freezeout)Ta their than add supplemental heat , 

or-otJie-rimprovements^atthis time. The planting cycle in the Fisher greenhouse is as follows: 

Late winter/spring,. In mid-February I start tomatoes in pea,tlpots or Jiffy pots, 6n very 

cold nights they can be moved into the house. Peas, lettuce; onions, broccoli and radishes 

(hardy cold weather crops) can»be planted directly in the greenhouse beds. I recommend 

succession planting for the lettuce. 
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Toward the end of March these kite win- 
ter/spring crops are going strong. At that 
time I transplant the tomatoes and pep- 
pers into the beds. I put the pepper's in 
with the lettuce as it will be harvested by 
the time the peppers really start to fill the" 
bed. The tomatoes, which are heavy feed- 
ers, go in a bed by themselves since they' 
grow more rapidly and will continue to 
produce through all three seasons. 

At this time I. also plant pole beans, 
_-a very successful crop in my greenhouse,; 
(see Figure 46). They put most of their 
energy into vertical growth and. thus do% 
not take up much space in relation to the 
amount of beans they produce. You do 
have to provide a latticework - of stakes 
for them to climb and it should Extend 
to the ceiling, as the beans will easily 
reach that height. ' 

Any additional summer crops I want 
to plant, such as cucumbers, cantaloupe, 
pumpkins and annual herbs, also go in by 
the end of March. I've tried corn, too, 
which^was nourishing in the greenhouse and producing ears in nearly July. The ears didn't 
seem to be developing, though, and when I pulled back the husks to check them, I found 
hundreds of aphids devouring them. If it hadn't been for these insect pests, I see no reason 
why the corn plants wouldn't, have done very well in the greenhouse. Corn is, however, a 
crop that takes-'up quite a bit of ji^ace relative to the amount of food it produces. 

By mid-April my greenhouse is in full swing. The -peas, another fine crop for the unit,- 
are a mass of blossoms and I'm getting peas daily. The late winter/spring cycle is perfefct 
for peas which don't do well later in the midsummer heat. Snow or sugar j^vas, the variety 
I usually grow, seem to do especially well in a cool greenhouse. ,< 

Lettuce is in it,s prime at this point, also. I harvest the outer leaves and let the interior 
keep growing, -except for' those heads that need to be thinned, out of the bed. Lettuce is one 
of the hardiest crops in my unit and has done well through the coldest nights of the year. 

Radishes are over by now and I can replant if I want to but usually I give their space 
to a summer eroprOmori 'greens have, of course, been edible all along but the bulbs them- 
selves are slow to grow (and I've never had much luck with them). Now I generally pull 
them up when they are still green and young and enjoy them in salads. Broccoli is large 
and sturdy in mid-April, getting ready to head. 

Mid-April is also the time when I start vegetables in peat (or Jiffy) pots for transplant- 
ing to the garden. They will have six to eight we f et>s to germinate and grow in their pots 
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FIGURE 46 



before going outdoors, which is- just about right. If you start them much earlier, the plants 
will outgrow their pots, get badly rootbou'nd and may be damaged before it's safe to trans-" 
plant them. This is more of a problem with cucumbers and melons, which*cannot tolerate 
root damage, than with plants such as tomatoes and peppers, whichare hardly affected by. 
it. " . 



Summer. By the end of May the lettuce and peas are harvested. The pole beans have readied 
the ceiling and are still blooming. Tomatoes are covered with flowers and have green fruit 
on them. Cucumbers and melons are beginning to produce, too. The pepper plants are grow- 
ing rapidly and the broccoli is still heading. The herbs can be used daily, especially, parsley, 
which is a prolific producer. The crops that were started in Jiffy pots can be hardened off 
(exposed to harsher outdoor weather) and transplanted to the garden. 1 

In my experience, sdme vegetables that were planted directly in the beds can be moved 
outdoors even though they are quite large by this time. I have transplanted tomatoes,\peppers 
and broccoli, blossoming and fruiting, with no ill effects on their productivity. My broccoli 

actually benefitted from the move as the garden was cooler than the. greenhouse. 

/ i ■ 

Fall/early winter/In early September parts 
of my greenhouse take on an autumn 
look,. The bean and pepper plants are fad- 
ing; the cucumbers, cantaloupes and 
pumpkins are neariiig their end^although 
sonic of the fruit is still ripening. 1 remove 
all the summer crops except the tomatoes 
and herbs. Then I fertilize and get ready 
to plant again. 

Lettuce, peas, broccoli,/and a sec- 
ond planting of pole beans/are my fall/ 
early winter crops. They wjill thrive during 
this period although the beans do /not pro- 
duce quite as well in December. The unit's 
sumnverlike warmth in the tall promotes ' 
fast' germination anVl the cool tempera- 
tures later on are perfect for these vege- 
tables (see Figure 47). Through succes- 
sion planting I dan keep peas, lettuce and 
brocc'oli going all winter, but I prefer to 
give the greenhouse (and myself) a time' 
of rest. 




FIGURE 47 
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The Yanda Greenhouse , , j (i 

The Yanda greenhouse is located 15 miles north of Santa Fe, altitude 6400 ft., 36° 
north latitude. The last killijig frost in this area is usually late May. The front face slope,of 
this greenhouse is 60°; it i<> run.year round. The following describes the Yarida's planting 
and maintenance schedule and the. different vegetables they have planted and worked with. 
Nafnbe greenhouse Planting and Maintenance Schedule 

Mid-January: Plant cojld \vea\tlTer crops— beets, broccoli, pea's, radishes, spinach, let- 
tuce, any herbs, garlic, nasturtiums, marigolds. In the house start tomatoes and chili pep- 
pers for transplanting into tjhe greenhouse in several weeks. 

Mid-February,: Transplant starts into the greenhouse. Start any permanent plant ex- 
cept very warm weather Crops such as cucumbers and melons. ■ 

Mid-March: This is a deceptive time of year._ Everything in the unit is growing like mad 
and you are already harvesting,. You are tempted to start 'Tru-t-d-O-Qr .garden seedlings. Don't 
do it yet. They" will become ^ootboLindVr get too/big for transplanting. Sfart-your.melons 
and cucumbers if you plan to leave them in the greenhouse. 

Mid-April: Now start seeds for garden transplant. 

* • Mid-May-: H^rdWoff garden transplants by Exposing them to harsher outdoor weather. 
Do this for about -.two weeks. Start some tall or climbing plants for summeTjshading. Sun- 
flowers (see Figure 48), morning glories, hollyhocks, etc., can be used outdoors on the 
south fa ; ce; pole beans have -been used inside. ' - 




FIGURE 48 
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Summer: This is a time of bleavy production in the greenhouse. Keep -the~greeM:iouse ' 
cleanrwell ventilated and the insects under control. (Note: the greenhouse should always 
be kept clean and weeded.) Train climbing vegetables up on strings, keep vegetation trim- \ 
med. Help pollinate certain-jcrpps. Tap tomato blossoms ligh tly at the -base of each 
use a small paintbrush, 'dabbing the male," then female flowers ofSthe melons and of the 
cucumbers. Enjoy your produce. " f " , ; v * 

Mid-August: Start vegetables fop fall and winter harvesting in the greenhouse. Such 
veget-aDtess^sbroccoli; peas and beans should be fully grown .before the^ really 'cold weather 
sets in. 

September: SomeTfrrt&jtfr garden -plant's can be transplanted /back into the greenhouse. 
''Check for insects and disease fiJsti^,-. .' ' ' , ' r' 

" Fal 1-J an uary: Check the greenhouse^fo^ny repairs thaf need to be'dojie. Continue 
to pollinate and^rim back foliage on fruiting vegelabte«4n^ front beds. '. - . N * 
MidrDecember to Mid-January: This is4he coldest tijiie : d1 ; -tfi£^y^aVand 'because of *' 
short daylight hours all pjants show a slow growth rate. You may find tlyslrgoad. time to^ 1 } 
really clean out the greenhouse; wash all containers and boxes, replenish the soilTTtiis-^ • 
is an excellent time to get\rid of any lingering pests by, freezing them to deafly Simply 
'open up the greenhouse at night for a week to ten days. Close it during* thei day and turn ' 
the sqfl ^erar^nTs^XTkT us, you may find this the most rewarding tinie^t^he year Tcf " 
have a gffden.. Hardy and cold weather'plantsAvill grow during this period Without addedl 

. Heat. - ■ ; , . . ,. \,- . . ' \ •' , ' _ ■' ^;.\ 

The planting chart^(App.endix B) will give you a full listing of varieties, time-pf plant- \ 
ing and loca^tiens we've used in out greenhouse. - — ■^^^^^^^^^=^^= i 




FLOWERS IN THE GREENHOUSE 

■ ^ t l-\ - . ■ ' ' # 

Houseplants: In my experience, all Houseplants thrive in the_solar_greenhous6. Many people 
'-gi^th^ during, the summer. A vacation in the 

greenhouse is even* belter. The "color, size ahcj density of foliage i m p r o v e s t r e m e n d o u s 1 y , 
•and the plants look as good or better .than when they were . new. Therefore, I recommend 
that any -plant sufferfhlg from the windowsill, coffee table or bookcase blues be transferred 
into the greenhouse for a couple, of months -or more. \, 

Light and humility in the gre.enhpuse are two important factors in reviving plaiits. 
Be surer- though , to place plan ts-t+rat : are suscepHbie-t-^bu-rmng^ front: 
direct sunlight, just as you would in your house 

Hardy houseplants .can stay in "the greenhouse year rouadv unless you are planning a 
solid winter freezeoiit. Geraniums are, one. of the best examples of this.- At about 22 de- 
grees, mine died' down to the roots, then made a magnificent comeback in the spring. If 
your greenhouse temperatures never drop that low, cut back the geraniums in midwinter 
anyway. By Ap'ril they will be beauti'ful again. " ' : *, ■ 



c? j" T ' fcJ f ^ ^^^ii i wniai rvduiy 

hardy in my unit as well, though again they die back when the temperatures are in the 
twenties. The color and vigoif .of the new leaves in spring is incredible. 

s, such, as the coleus, benefit greatly from the greenhouse 
be brought back into .the house during the coldest- months 
In this category, Ihave found that fuchsias, Swedish ivy and 



More tender houseplant 
environment. But they must 
unless your unit never, freezes 



spider plants are especially content in the greenhouse. I treaTTlTefli exactly as I do in the 
house, in terms of watering/trimming and feeding. 



Garden plants. All "the froweririg plants I normally have in my garden grow beautifully in 
; the -greenhouse. Choosing those to include in the unit involves considerations of space, 
^_§ize and gefteral. ^planting layout. I prefer smaller varieties that add color but don't require 



grmch^pj^._My favorite in this category and one of the easiest is probably the petunia. 

- Th^^cfn^Tn-a wide range of colors and bloom profusely. If peJiiriias^t--s^tn^Ty7 = cut . 
them ba.ck, and you'll see them'relurn in healthy vigorous condition. PetLmias^are corisider- 
~~'-"--€4^^nJej;jj^^ they have become perennials (hardy toiabput 

rees). The same applies to marigolds and pansi.es. Pan,sies, like petunias,. need' to' be 
cut back periodically. All these types of flowers bloom continuously. V 

" I have a\dark moist corner in my unit where nothing seems to; grow - except ivy. I 
a variety that is recommended for north sides of walls (Engleman's Ivy) awd my~ 
problem comer..ha's'beeiVtrars,fo^ into a" haven of green.. ■' : 

In this region; .^ladiolus- : are not reliably hardy and bulbs planted i n t h e ga"r7i"e n ITe c 

dug- up and brought in during the winter. In my greenhouse, however, they reruanflmt 

■ .... ^ . -.. **. , , ••• ■ _. /• ■ ■ • — _ 

ground year round; they die back to the bulbs in late fall, proliferate and return with in- 
creased beau-ty in the spring 



, Transplanting. The greenhouse provides prime conditions for starting flowers to transplant 7 



•into the garden. You can get, 



much more -enjoyment from 



; a good headstart on the outdoof growing season and thus get 
your flowers during the summer. f \ 

" TrLcarly April I start perohnials such as p6ppies, daisies and columbine in the green- 

house; they can be transplanted sooner than annuals and will' usually^bloo^ the first year 
with this kind of headstart. I plant annuals, including marigolds, zinnias, mdrning glories 
— ^■rtd-sweet-pe as- in i i iid =Aptil.l ' • / ' 

i One ..of the advantages to starting flowers this way. is that April temperatures in the 

— ~greenhouse-axeVarmeran ! ^^ outdoor temperatures here in early June. - 

1 Seeds tlTerefOjI^germinate fester and I can keep the soil evenly moist during the crucia.l 
,, time of gerfiii nation. j. / • " ' 

I can 'also set Hie plants out, already several inches, high and hardy, in any configura- , 
- tion I like. They are prppcrly' spaced and IJcnow /hey will remain that way. I have never 
been able to achieve this^in'd of symmetry (without a lot of effort and frustration) when 
sowing seeds directly in garden beds. Starting the/summer garden in the greenhouse is thus 
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a, 



Many flowers can also be transplanted into the greenhouse in fall. If you are careful 
to get all or most of -the roots, they will continue blooming all winter.' Petunias, panjies and 
marigolds are the three I've transplanted succes 



Generally it doesn't make much sense to dig up hardy perennials that are well estab- 

- ^ " .- 

lished in the garden, but you should follow your own preferences in deciding what flowers 

to transplant. When you do get ready to bring them in, dig up* the roots with plenty of soil 

around them. This lessens the shock of transplant, decreases the daji^rjaf^a^n^rrrg'TrTe — 

roots and gives the plants the illusionJjhjUmc^ to them. By the 

time their roots have jp:awmbeyoncf that ball of soil, the„y should be firmly grounded and '" 

ready to cope with any differences in the growing conditions. 



MAINTENANCE 



Watering. The amount of watering that greenhouse plants need varies "according to the sea- 
son aiuL. climate. In summer and over prolonged periods of clear days (arry time of the 
■ ; year) they will require more water than on cloudy days and during most of the winter. 
Determine the amount of watering you will need*ba ! sed on personal observation and ex- 
perience. The best way is to stick your index finger down into the soil. The soil should 
be moist, not slushy. ( ^ 

DO.NOT OVERWATER! A greenhouse uses much less water than an outdoor garden. 
Humidity should not be a problem .in the greenhQuSq if you run it properly. Overwateririg 
6an rot the robots and create other problems. Use rainwater whenever possible; it is good 
for the plants. '• ■ , • ^ 

In w7irih~;weather the best time to water the greenhouse is about noon. In summer 
evaporating water cools off ,th.|$ unit and keeps the temperatures comfortable 'during the 
afternoon. In winter a morniftg Catering with lukewarm . water will help the plants after a 
cold night. During the cold months if is best not to water on cloudy days. ; 

The equipment you , use can be as simple as a large watering can. -In- the summertime 
you can water the greenhouse with a hose from oijit of doors. Ideally, though, install a 
hose in the greenhouse for year round use, with an inside faucet to attach- it to. Incorpor- 
ating such an arrangement into the design of your jgree'nhouse will save a lot of time and 
work. Also, I recommend buying an attachment that will allow you to spray a fine mist, 
beneficial for newly planted seeds and y ou rig "seedl i ngs. ~ ™ T ' — ■ . 

Slow watering Is always preferable to quick, forceful watering. The soil is better -able 
to absorb the moistufe and you'll get a true idea of how much the ground needs and can 
use. A quick flood . will not penetrate as deeply to the roots and morejs lost through evap- 
oration. 
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Air circulation. Plants need good air circulation. In the summertime this is aided by having 
the exterior door and all exterior vents open. On winter days open vents to the house. Al- 
ways keep fresh air circulating through the greenhouse. . . 



\ 



Crop Rotation. Rotating crops is a highly recommended me,th.qd of maintaining" healthy 

soil and getting a good harvest over a number of ycar-s.^Diffcrcnt crops take vaj y ing amount s' 

JjfjTUjt rientS OU t of the soil ; qnrne artnalLy-&tirigb-4t- — — -.V'- — — 1 : — ' 

The "heavy feeders"' include tomatoes", cabbage (and-members of that family), corn, 

all leaf vegetables such as chard, lettuce, endive, spinach and celery , cucumbers and squash. 

They need to be well fertilized and should not be planted year after year in the same bed. 
a Legumes (notably 'peas and beans, including soybeans and lima beans) are good soil 

builders; they "fix" nitrogen from the -air, storing it in the soil for plant use. By alternating 
xraps oflagun^^^ healthy 

balance of vital elements. - * 

: A third ca tegory c onsi& te-Q-f-&rops called "light feeders,-"-Herbs and root vegetables 

„. belong in this group. If you're uncertain about how to classify a plant, it's Usually safe to 

inelwde'it here. , ^ „.'.■''' 

V Flowers, break down into these same divisions. But unless you put all of the beds in- 
.; to flowers, they should not present 4 a_big_pxQbJem. Just relocate them from time to time 
" and keep the soil welhfe;rtilized7^ 



Companion planting. Vegetables and flowers grown side by side complime-nt each other 
and make 'the greenhouse more attractive. Companion, planting, mixing one plant with 
another in the vegetable row or flower bed-, is good practice in any garden but is especially 
beneficial in the greenhouse. • ■ ■ 

. Some reasons for companion planting are: certain plants excrete a substance above 
and/qr below the ground which protects the plant-other plants growing nearby also bene- 
fit; a plant that needs a lot of light may be- a good companion to one that needs, partial 
shade; a deep rooted plant- may benefit a shallow rooted plant by bringi ng u p /nitrients 
from deeper soil lay efs. Companion planting increases diversity in the greenhouse and tends 
to frustrate insect feeding and thwart buildups of insect populations. The Yanda's plant 
lettuce, radishes and°other low growing vegetables under their tomatoes, peppers and egg- 
plants. They plint clumps of herbs such as- basil, anise and coriander .throughput the green- 
house. Garlic and marigolds are found' in each bed. Frances Tyson keeps garlic growing not 
r only in many spots in her greenhouse, but also ground up in a jug of wa'fej..in her refrigera- 



to r s o t hat s he can spiay any white fly, cabbage moth, aphid, etc., which dares enter her 
greenhouse. . | ' : 

; v Be careful when planning the layout of your crops; companionjplantmg. does take 
some thinking through, fhere are rjbviOT plants that grow 

.tall,. tw6 that have deep ..roots and, so on. Soipe-;plants ido not like other plants. For exam- 
ple, kohlrabi and fennel should not be planted next^o tomatoes. Somcplants that do well 
together are carrMs arid peas, kohlrabi and beets, tefmatoes. and parsley, celery and bush 



companions as border plants. 



DOGS AND CATS 



; Pets can be a nuisance in the greenhouse. Dogs with their bounding energy can trample 
seeds and plants into oblivion. They also love to dig .into and Jie down in a moist bed on a 
hot summer day. Cats consider the greenhouse beds a custom made kitty litter box. In gen- 
eral, all the problems you are likely to have with dogs and cats in an unfenced garden exist 
in the greenhouse, A gate of screen door is usually sufficient to prevent animal damage. , 
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INSECTS . 

% " Joan Loitz, owner Of The Herb Shop and Solar Greenhouse in Santa Fe, New~Mexico, 
(see Chapter VII) has prepared a Bugs in Your Greenhouse manual which we are reproduc- 
ing-here: . ' / 

, .'5 . * t : ^ 

BUGS IN YOUR GREENHOUSE 

Greenhouses, are special places— good for you, great for plants and of course potential- .- 
ly suitable for undesirable pests as well. Have no doubts that in time they will find you! 
You could build a greenhouse in the middle. of a desert and... one day the slugs will appear. 
You could have a most tidy greenhouse, but a summer breeze could carry aphids or white , f , 

fly in.lo. take up residence on your tomatoes. - 7 "~ ~' , ~- ; h " ; 1 

WHAT TO DO?- TWO STEPS " ; t 

1. Prevention is the best cure: 

Maintain proper growth conditions for plants. When we don't get proper rest, food 
and exercise, we are more susceptible to infection, flu, disease, etc. The same is true for 
every living organism, your plants as well. Be sure to provide them With proper water, fertil- 
izer and temperature conditions and they will be able to stand off bug pests more easily. 

Steady observation. Make a habit of checking* plants regularly ./Keep~on top ot any ~ 
pest problems; they are much easier to control when not widespread.: • 

Maintain proper ventilation. Inte'rior atf fnovement produces stronger plants and deters 
■ many insects. • 

Sanitation. Periodically remove dead, decaying or infested matter from plants. Keep 
floor and bench areas clean. When reusing potting containers, \)& sure to wash thoroughly 
and sterilize for- one hour in a mild bleach solution (10 parts water: 1 part Clorox). • 



Take Action Immediately. When you spot some undesirables, what are your choic.es? 

A, First, there is topical treatment, i.e., sprays, dusts, etc. /'.. \ 

(1) "Organic": Some (jfthe suggested "organic" sprays, suih as garlic and pep- 
per juice, have very. Jlmitedkicqess in greenhouse condition^. \ 



(2) Botanicals: These are n 



aturally occurring pesticides. Tliey biodegrade rapid- 
©qt. Nicotine, ro ten one. and pyre th rin are the" maj or 
botanicals. Very suitable for Use on edibje plants. NOTE: Nicotine is fine, as an. 
insecticide but don't let smokers touch your tomatoes or smoke in the green- 
house. Tobacco mosaic is a tomato disease transmitted by touch. Smokers— wash 
your hands before fondling tomatoes! . : 

Chemicals. First there is the heavy duty" stuff. Usually will produce quick 
results but do not degrade rapidly and have a high residual value. Chemicats are 
not recommended,, especially Tor greenhouses that are attached'to residences. 



' Then there are growth regulating agents. These are sprays which interrupt 
the "life cycle of a plan* p.est, thereby inhibiting their ability to reach maturity 
and , reproduce. They are just beginning to appear on the market. 

■ Systemic insecticides are chemicals that are mixed with.water and then fed 
t to the plant. The poison then permeates the entire plant. When pests take a bite- 
-they croak. Obviously, this is only for use on ornamental plants-'. . . - 

Techniques for spraying include hand sprayers v (like an old window cleaner 
bottle ) which are great for small jobs. One to two gallon pressure purn^. sprayers 
are better for larger jobs. When in^doubt— DUNK! 





/ 
/ 




\ 



Treatment mixture Put a plastic biag around Turn plant upside down in- 

the pot-.- fasten it stem. to t/reatment mixture, agitate 1 



gently, remove 



CAUTION! Remember, all pe'stidides, botanicals a,s well as chemicals, are) 
poisons. Use only the recommended doUge or less. $'eep children and pets out of 
the greenhouse for a sate period^ fter th|eir use. Use a mask if possible and gloves 
during application. \ " * i \ / ' ' . , . 

- - - r / • ' / . 5 ■ 

B. Another choice is biological control: u^ing bugs- thai like other bugs for lunchj 
(1) General Note: Biological control attempt's to keep both/beneficial as weljl 
as harmful insects in balance. Pests are only yonsid.ered as such when their numj- 
bers are out of control. Predators actually /ee\ on .their prey. Parasifes-seek tip 
complete their life cycles on or inside a specific hb$f. / 
V . They are very effective in greenhouses! The us^of predators and parasites 

> for pest control ^as very widespread uj^ the , 1920 , s and' 1930' s in Englandv ami 
Canada. When Woijld War II came* and with it DDT and a/ltfle^other petro-chemi- 




.cals^AYC .U^fo^ older and saner practices. We got * 

seduced into believing these new methods were always better. As we all know , 
now, the price to our environment and quality Oflffe has been very high. Many, 
plant pests have also been able to develop immunities to sprays. Thus, stronger 
chemicals have been developed; the cycle is indeed dangerous. ' 

Predators and parasites are simply released to, munch away an infestation. 
There are various types. ' \ . .-• — 

(2) Broad spectrum predate^ and parasites: 1 lady bugs, praying mantis, green 
lacewings, trichpgramma wasps, etc. \'. * 

These are j'nature's own and always good to have around: But they have 
limited effectiveness in greenhouse situations. They're called broad; spectrum as 
most of them prefer a smorgasbord of insects for lunch. They like a little of this • 
and a little of that. Also, they are highly mobile. You can go through all kinds 
of efforts to bring in hundreds of ladybugs to your greenhouse-, then after three 
days you won't be able to find any more around -because they left to find some- 
thing else for dessert.' . . 

(3) T^rogs, Toads^ Salamanders \ 

• These are great to' have around. They will eat big spiders and the grasshop- 
pers and crickets that will just love to call your greenhouse home. They niust--^r 



be removed if you use any pesticides. 

(4) Host specific predators and parasites. Very effectivain greenhouses! 

Nature's own— these are insects, usually quite small, that prefer only one or 
two types of Bug for lunch. They are not'as mobile and as -such* are more effec- 
tive in greenhouse, situations. There are predators or parasites fpr: spider mite, 
white fly, scale, flies, mealy bugs. \ . ' 

(5) Maintenance of predators; On'ce a cololiy is released, the probleiii^arise*sithat 
( tfoey will die of starvation whenlWy have eaten all their host. €-0 to sustain a 

colony keepja "sacrifice" plant onVvhich you allow a particular infestation of 
pest to.continVe. Periodically r^moveAa few of the leaves and place them as food 
in areas wh^re you know the^predjitors are still at work. 

' ■' \ ■ 

Here are some mechanical methods of pes^t control. t 

(1) White fly, for example, Jove the color yellow. So, by hanging.com.mon yel- 
low fly paper next to tomato plarfts, then snaking the plant, you can catch quite 
a few. _ • 

(2) Cold' fumigation: most plant pests ca nn o t survive a w-eek wit hout food. 
Thus, if- you pick an appropriate time when there might be a lag in your planting, 
schedule during the winter, just open ithe doors anehler flie" greenhouse freeze 
out for a week. " - ,- * ^ , . . 

(3) Thumb and forefinger squash |jf you'i^ squeamish, wear gloves) ■> 
(A)' Vacuum cleaner inhale (g¥bdbn white fly) 

; X-'' N 

. ; / .h . ■■■ 
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D. Companion Planting: Using plants that have a "bad taste" to repel pests from ; 
plants they find appealing. Marigolds, onions, garlic, chives, etc., planted near toma- 
toes tend to repel aphids.'Many herbs such as sage, rosemary, thyme, rue, tansy and 
wormwood are also effective. 

' E. : Trap Plants: Growing a specific plant to "trap or entice," a specific pest. For fix- 
ample, white fly is. drawn to tomatoes like bears to honey. Plant one in your green- 
house-when it's loaded with white fly-gingerly remove it-dump it in* a sack-then 
destroy. ' " - 

- F. Genetic Resistance: Many plants have been developed with built; in resistance to 
various plant diseases and pests. Be on the lookout for these varieties in your seed ca- 
talogs. ' 

'■-'*' ~ 
Want to have some fun? Get a 10 power lens. Start poking around looking at leaves 
and bugs-up cl.ose-they're fascinating and kids love it! 

Reference Books ' 

Most plant books will have sections on bugs, but 2 very good knowledgeable referenc- 
es are: . • 

The Gardener 's Bug Book (4th edition) 
"by Cynthia Westcott, Doubleday & Co., Inc.; NY. 

i 

m The Encyclopedia of Organic Gardening v • 
Rodale Staff, Rodaf'erBress, Emmaeus, Pa. 

*- ^ , *■ •■' v.. . 

Sources of Supply: . * \ 

Topical Insecticides: Most local nurseries and plajit shops. 

Biological Control: - / 

Biotactics (predators for spider mite) ' " 
' 22412 Pico St.. 

Colton, CA 92324 . " 

* Rincoii-Vitova Insectaries (predators for spider mite, scale flies, 

Box 95 ' " 4 ~ mealy bug) Also trichogramma, lace- 

*-< Oak View, CA 93022 wings. 

The Herb Shop (predators for spider mite, scale, white fly 
1 94272 Cerrillos Road . ■ 
Santa Fe, N:M. - 87501- • 

Bio-Control Co. (ladybugs) 
. 1 0180 Ladybird Ave. 
Auburn, CA 95603 - "-J- - 



PEOPLE AND PLANTS f 

When children are old enough to contribute their love and labor to the greenhouse,' 
1" urge you to let them. The only skill required for planting, watering and harvesting is judge- 

Vnent— and perhaps intuition. 
\^ In my experience, children love to 
work with plants and the plants seem to 
benefit from the care of children. The re- 
stilts are fairly immediate and highly vis- 
ible, yet mysterious. How does a seed - 
turn into\a plant? But it does and it 
grdws quickly. Children have a single- 

■ minded kind of energy that can be chan- 
neled into extraordinary care for the 
plants. It's a mutually supportive relation- 
ship. 

The satisfaction of greenhouse gar- 
dening extends to people of all ages. 
Most of the Work is not strenuous and its 
rewards are great enough to encourage 
everyone, to give it a' try. The natural pace 
of this work is unhurried; the environ- 
ment is relaxing and absorbing. You can 
enter the world at a different-level in the 
greenhouse, be transported and totally 
involved at the same time. 

FIGURE 49 




!> 
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CHAPTER VII 



The State of the Art 



In this chapter we'll give yoy. an idea of what's being done in the field of solar green- 
house design. As you will see, there is no onq solution to combining greenhouse features. 
These structures, which are only a representative selection of the kind of work that's going 
on, offer in amazing variety of approaches. Most of the designers anc. owners are happy to' 
ishare their knowledge and experience; we urge you to corrtatrlrt+reiTrffor-mo^ 
iWhen writing tharn, always enclose a self-addressed stamped envelope. Many sell detailed 
)lans and offer consultant: services. You w^ill notice that the designs include freestanding 
imit§, attached or retrofitted models 1 , and newly built greenhouse/home combinations. 

. We have divided this section up into individuals, research institutions and organiza- 
tions, and manufacturers.. 'Sometimes they overlap. 



INDIVIDUALS 



The Herb Shop 



tThis unit might Be considered the mother of solar greenhouse design (see Figure 50$. 
As far, as I know, it was the first" such commercial greenhouse in the United-Spates. The de- 
sign is based on the work of the Brace Institute (in Canada) and T.A. Lawand. Joan Loitz, 
the owner, adjusted the angle of the front face and the reflective back wall to correspond 
to the platitude of Santa Fe, New Mexico. The north wall is at a 78 degree angle. ("angle of 
the sun at summer solstice) and is insulated with 4" of fiberglas. The interior is paneled 
with M^sonite and painted with a glossy white enamel. The rafters extend from the~roof 
peak tOjthe ground and were originally uncovered for the lower 10 feet. Joan covered this- 
area with corrugated Lascolite to make a greenhouse "preheater," or "buffer zone", and 
cold frame area. It stays about 25 degrees colder than the main greenhouse at night. This 
addition cost her 90 cents per square, foot and gave her an, extra 480 square feet of grow- 
ing space. . ~ 

Occasionally a customer will challenge Joan about her use of supplemental gas heat- 
ing. She replies Jji at she's in the business, not playing games, and that the heater is the 
"nToYflSos^eTfici'eTfevay Of backing up'"a'1;y!TeTirn 

it would cost her^§3,000 to install an active solar system to capture the'20 percent nop- 
solar power ( that the gas company furnishes. Her average $32 a month gas bill for the eight- 
month cold 1 season compares to $160 a month for a similarly sized conventional green- 
house in the area, and bears out the effectiveness of her .design. Incidentally, she's run: 
ning 70 degree nighttime lows, which is considerably higher than those maintained in non- 
commercial greenhouses. ' - 
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FIGURE 50 ifg 

Some thermal storage is provided by sixteen 55-gallon drumsfthat also double as table 
supports. Although these drums receive little direct sunlight, they do contribute to heat- 
ing when the ambient. air drops below their temperature and help to stabilize temperature 
fluctuations. 

One drawback to the design of this unit is that the entire clear area approximates a 
normal $ngle to the summer sun. This 'may be all right for Quebec, but it creates overheat- 
ing and plant-burning problems in Santa be. Joan has used some ingenious low-cost meth- 
ods to combat this, problem. Que of them is to attach a S 1 . l 'S mistine nozzle to a hose and 
hang it in trout ot the air circulating fan. ThrMwill lower the temperature 10 degrees in 10 
minutes: she turns it on several times during a summer afternoon. She also trains scarlet 
runner beans up the west wall to block some of the afternoon sun. 

Joan and I have often w orked together in planninu community solar greenhouse svs- 
terns. Her particular expertise is in organic growing methods and biological control of in- 
sect pests (see Chapter VT ). She shipy 100 varieties of organic solar-pow ered herbs all over 
the world.. You can order from the address iiiven below . 



Ow ner: Joan Loitz. The . . , 

.'crsity. and lis. l oitz 



erb.Shop. C errillos 

Designers'. Brace Institute of Mc( lill IJniv 
Build ers: Joan Loitz and Incnds 
Floor Area: - 1 dOO square feet 

Clear Area: 1042 square feet (greenhouse) ; 4S0_squ 
tal square teet 
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Rd.. Santa be. NM 87501 



ire loot (cold frame) = 1 5 l >2 to- 



.A 



Thermal Storage: Sixteen 55-gallon drums ( 880 gallons of water)- . -f- 
Supplementary Heating: 1 50,0Q0 BTU (adjusted) natural gas heater _ • 
Material Costs: S3. 40 per square foot, plus beer ( 1 974) 

Main Function: Wholesale, retail and mail order sale of organically grown herbs 

r 



Wesley and Frances Tyson 



I designed joiid built the TysoVs solar green house Tor them slTortly after they moved 
from New Jersey to Sahta le. After examining their property, 1 told the Tysons that there 
was no way to attach; the unit to; their Jhorne without demolishing several tree"s>JFrances 
didn't really care, as she considers most of the targe imported trees surrounding her home- 
water mongers anyway. But I didn't want to be the assassin. So, we decided to build an 
independent greenhouse on a hillside near the home. At that location the, unit could be 
sunken about 4 feet into the hillside and the north wall earth bermed (earth piled against 
the wall above grade). ■? ■ >' 

This unit has proven to be /the best in a long series of my designs and contains several 
m port aii t innovations that seiim to wcj>rk well together. The tilted back wall (after the 




FIGURE ' 5 1 
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Brace Institute. design) guarantees that the plant's get sufficient north light (reflected), all 
, -y ear - The wal1 is a tight sandwich of insulating materials. From r th"eJ»sid_e out it contains: 
sheetrock, textured and painted -glossy, white, aluminum foil, 6" fiberglasiinsulation, 
• ' W Celotex, .siding,, 6-millimeter black - 'poly etliylene, arid T' overlappif^rOugh lumber 
'/ *(Figure .51). * \ " ■ ' ?J ' ' * ; , , . . - 

-The south wa.[l is at a _7 5 -degree angle to'the horizon and |s; framed up, on a low (16") 
• concrete-filled, pumice! block wall. The southerfhskin is- approximately- fiO square feet. 
^ The. south-sloping root has alternating* 'clear -(fiber acrylic) and 'opaque (tin; insulation, 
sheetfock) partelsv. A roof vent.is set into.one o'f the solid. panels, and is^opened.by An auto^ 
matic heat piston. '' - * ■ '*..'' . ' ' ~ <' 

■ -'The roof may be the keyJ^tHe successful.performarfce of the structure. My broiher- 
/ in-law, Paul Bunker, collaborated with me/on the design: Because alternate sections'bf the 
roof are insulated>the unit stays warmer in the winter, and irluch cooler Summer. 
The solid roof sections are also perfect for mounting lunged moveable panels if extra in- ' 
"sulation-were needed. In this greenhouse there is only 50 square feef orcfear roof approxi* 
' . mating norm.al to the summer sun. ; . ' • . « . - 

Another important, faetor in -the design of the Tysomgreehhou'se is thatit is oriented 
, 25 degrees southeast <#'du«>s.Qutli, This angle was determmed . mostly by the lay of the 

. "land and' out desire to alter the natural environment" a-s. Tittle as possible. Since very few 
morning rays would enter -the greenhouse^through the east-wallet this orie'nta-tio.n, the east ^ 
wall is-70 percent opaque and insulated. The inside of this solid, wall is reftective,( tomatoes 
•that are, situated directly in front of it show excellent blossoming and fruit^et^feie -west 
wall is clear, - ' , > 

■ This'green.hpuse was designed to contain ten- water drums arid ha^e'moveable insulating ' '* 
, panels pn the roof: With these provisions, I estimated that: the%iit would maintain 50 

degree interior ^temperatures at -10 degrees outdplprs. With only four drums installed and «o 
without the sfyrofoam panels in plage, the greenhouse held a. 43 degree* low at -4°' outside,-. 
That's truly remarkable arid I can only attribute it to the roof design and the mass of the 7 
insulated block wall (it has an inch of styrofoam on the outside surfaced; . ' " ' . 

$ J „ Frances Tyson is an experienced gardener. For years she 'had' a large organic garden 
baCk i n .. New Jersey. Frances uses, growing techniques that* would make a cliemicatty ori- ' 
- ented gardener turn over in his sodium nitrate. She uses. relatively "hot" manure, heavy " :'. '\ 
'greeri mulch, never sterilizes anything and plants extremely- densely.- I've never>seeh a 
greenhouse that/ could match the level of<prodtfction she gets out of the space she' has, 
'.v., Some of Franpes' techniques are discussed in Chapter VI. This amazing wSman also findV ' . s 
; time to build soljar collectors out ofbeer cans, and to speak to anyone:whp ; will listen about 
x^the development of solar energy and the abolition of nuclear- power. (See Figure 52.) ' 

i * 1 - 1 " * , ....... 

• ; . Owners: Wesley and Frances Tyson f , ' ,. ^ 

^ . \Designer: !Bill Yanda ' '.. '" ' 

' * ' Builders: Paul'Bunker,, Susan and Bill Yanda . * - , 

Floxir Area': 180 square feet • '•- . *' *- " ■ 
' ^ -Clear^A-reai South%ce = 1 10 sq. ft.;" south fdof^ 50 sq. ft.; east wall - 25 sq. ft'.,' J 
""west wall = 50 sq. ft.' \' A . \ '' \ - . .* .* • . -' ■ ' 

-\ ' ' - ' " :90 ' ' '.- . ":.'.. : .; 

' '' ' r" ■ ... , , . : - , 

. ' - ... ' . "s "**- : ', ' -. •* 'A • ■ - . 



^ . „ Thermal storage: Pumice block waUPWled with concrete •= '^apRj^ximately,7Q00\' 
C , |?Q,unds; 220 gallons of water (enclosed drums.) '/. . T' -V>'.. 

V IvTateTfal Costs: ■ $5.00 per square foot ' / . j / " ' 

Ma!n Function: Vegetable production for personal use. • ,-, \ ■ ■_- 




FIGURE 52 



Vyilliam and {Catherine Otwell; Michael Frerking 



Bill and Katherine Otwell live in a.passive greenhouse/house combination that Bill and 
Michael Frerking designed (s§e Figure 53). The amazing thing about their home is that its 
tot|l material cost was'S 1.500, and that includes a solar hot water heater. It took the 
Ot^ells and Pr?rking three, months to complete, the. 650 square .foot structure. The walls 
of ELhe-Jiome are raw adobe bricks, made on the site. (In more humid parts of the country 
stabilized adobe should be'ifsed.) The walls are insulated with F' of.stvrofoam an the out- 
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sido'ai^plajjtered ov^y^ith stucco. The grccinuHise collector is 'made from rccvelcd glass' 
and' the roof is rocyeHjtl billboards. At night tW>" cover- the glass with 2" of sty rofoam for. 
-Hisulation. 1 here seems to' be difference of opinion concerning the amount'of time required 



to put the styrofoam c%>\\'r;t)n t he glass, three minutes to" 1 5 minutvs. hither way, I tJiink 
l'O degrees in temperature savings is well woi^.the installation time. , \ ■ . 

'The Otwflls use. a conibin-ation of sewer sludge, sand, blood meal and potrin-g soil for ' 
a plam ins rnediiuu. They Ji-uve misled plant leaves, with water 'to control their . main insect 
problem. 'white fli<*s: Kafherine has noted that a greenhouse'entireh integrated with the' 
home poses one problenyn partictdar insect hassles are brought into the house a iuT shared, 
with the plasls there .'/m that respect, an atlached solar greenjiouse that .can -be shut i\Pf 
Irom \ our homejias a perl a in advantage 

,:'lhe dwells' greenhouse/home combustion had an average low of 55 degrees and 
•average high id 75 degrees during the fust WTfTJSt in use. Corresponding outdoor tcmpera- 
.lures were 1TJ demces and 50 decrees rcspi. i tive*l\ • ' - 

So there they sit. Ka'lhcrinc'and Mill GMw ell, in a'beautiluL low-cost completely passive 
solar home in the Ari/ona desert. They're eating fresh vegetables from their greenhouse 
when it's below Iree/ijig outdoors, burning a minimum of wood in very. cold weather, dc- 
signing other low-cost solar homes,, and delving the notion thai such dwellings don't exist 
yet! l or I'urtlrer information write to: William Otwell. Ari/ona Sunworks. Sia : r Route, 
diiho Valley. Ari*>na S(,323. ":• 



Jemez House Bovs' Ranch' . J . - 

■r \ ' '•" ■ ■ ' - : - • 

- •The Boys' Ranch, located near Espan-ola, New Mexico, is a* place where boys, with, 
learning disabilities or unstable family conditions are cared for 'and educated/The man who 
has" had a great deal to do with the development of the -large solar greenhouse on 'trie. pro- 
perty is Bob Detwiler. Bob has had six years of experience in ■greenhouse operation and* 
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management. He is also aprofessional counselor for the retarded and for young people with . 
learning problems. He sees the greenhouse as a natural rehabilitation device: "Everyone 
can profit from working with plants. I think one of the reasons for this'is that there is a 
kind_ of natural feedback mechanism involved. When tlfe plants do well, they show us the 
right way""oT~workjjag with them.' In this way the plants validate ouJ' innate intelligence." 

The original design for this freestanding greenhouse was conceived by Jay - Davis. It 
employed a system of exterior insulating panefs and shading devices that Bob felt was too 
complex, so he asked the Sun Dwellings team to modify v|he design. They incorporated 
■most of the features of Davis' plan, but they eliminated the panels. The Sun Dwellings de- 
signers decided they could create an acceptable year-round growing environment by increas- 
ing thermal storage in the roek-baid^jidjidding a simple system of fans to tap^ the apex heat 
and blow it down through the rock storage; FfdehLopez, the manager of the physical plant 
at the Ranch, further.amended the angles of the roof to produce a basic 45 degree- A--frame 
structure. This con-figuration will begin to shade the north wall at solar noon on tlfe spring' 
equinox. „ " "~Zf. 

\< 93 ' ' " I . 



. The active heat transfer system 
uses Jour ,1 0" %-hors*epower fans. 
The ducting i 0"' reduced to 8" 
galvariized'steel sfoyepipe'(see Fig- 
ut& 55). E>rcgss,heat is"exhau§ted x 
through, three 18" " roof vents. 
• rMore ^venting is needed, however,' 
a/id Bob plans to add low v/est and' 
'f I ngh east- vents in the walls. 

' For the first winter's operation, 
■the active . air-circulation system 
;was not completed. Even without 

ff f \ • .... 

\\t, -the 'boys began planting at the 
end, of January. 'and produced a 
liealthy crop of v petunias, cabbage, 
• tomatoes, and chili. With only passive direet-gain storage in the rbek beds, 45- degrees was" 
the lAvest. temperature recorded, with -ff-'fif^^-mde/gree outdoor low-, gob lags estimated 
that with the active system -in operation, on 'a. good solar day in winter approximately one 
million BTU's will be vented from the unit to help heat the frosty'air of the uppeT^To 
. Grande valley. That's one -disadvantage of an independent greenhouse. '- . , 

The Boys Ranch looks forward to next winter, when the ■.■'greenhouse will put a full 
- arrav of fresh vegetables on the dinner table.. : s ~ '' 
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Los Alamos 



Owner: Jemez Ho,use ( : t 

Designers: Jay Davis. Bob Detwiler, SunDwellings Design team,, and the Yanda green- 
house class. .-: "' . • ' " 

Builders: Bob Dfetwiler. Fidel Lopez, boys and staff of Jem 
Civitan Club, _ , ' x 

• Floor Area: 900 square- feet (floor 5° feet below-grade). 
"Clear Area: 720 square feet ( front face). 
Thermal Storage: 70 tons of rocks (assorted sizes) and earth berm. • ,■ . • 
t Insulation: Perimeter = 6 V of sawdust in plastic envelope: roof = 6" fiberglass; door = 
2" styrofoam and P fiberglass . s . 

Material Cost-,: S"3.88 per square foot. $3500 total - . ' . 

Main 1 unction: Supplementary food production, retail. 'sale of starts and bedding 
plants. ' ' \ •' 1 ' *' 



Hamilton Miuel 



Hal M'lge] is a designer and builder of exceptional talent. I first became. aware of his 
professional skills seven oreigfjt years ago when every adobe -mudslinger f knew was saying,' 
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"have you seen t be detail wo£k in Migel's 
newest house'.'"" Attention to detail, func- 
tion and form personifies his work. 

Migel was the first person in this re- 
gion to demonstrate that a greemhouse 
could he. the primary , heating unit for a 
large home (2500- square feet). He did it 
with" some revolutionary innovations: .4, 

The double : walled clear face is sep- 
arated (or inflated) by a small fan and is 
^supported by thin steel ribning. The entire 
clear wall .can be detached from t he ereen- 

r 

house front in late spnirgf^eaving a lovely 
outdoor warden in full kfUfcli- Removing 
th 



e cover also provides 



ear view to 



the outside ( also see Solar Room. p. 137). 

Warm air is ducted irom I he green- 
house apex to a rock storage heel under 
the house, then back intoyhcunit to com- 
plete the loop. Radiant heat from Fl'.}^ .con- 
crete slab' over The rock bed warms the 
house. T he system provides approximate- 
ly 80 percent'of home heating. 
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o -Owner:\. Hamilton and Candiee Migel .'' •"'• • • 

•Designer: • Hamilton Migel ^ ' . ' 

' Bailors:, Bing&am and ; Migel,%n£. -1 

Floor Area: 400 square fe^et (greenhouse) *'* « 
, (Srear Area: 500 square feet (greenholl.e)_ - * 

Home- Floor Area:' 2500 square feet ' '■.■'-••-■-. ; ^ • 1 ' - ^ 

' Thermal Storage: Rodk beds under floor of home f 
Air Circulation: 1100 to 2200 cubic feet per*minute (see intake vents, upper left. 
Figure 57),;,, . | . % ' •• W 

Main Function: Home heaf, -vegetables and flowers' *i- t « \- 
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David "J. MacKinnon- . '; ,- 

, D|ve MacKinnon is not qpily a sciefitist with sterling credentials but also a visionary 
with the harcd data to- back up his statements. In G6njun.Gtion--with ■fyjroo dht J . S cfraefeK of, 
the State University of New York at Alhan^/, Dave has written a very, comprehensive paper 
"entitled '-Can Vegetable Productivity be Economically Increased in the Northeastern United 
States?" The following excerpt*gives--lais economic rationale" for home greenhouses, a.nd^ 
stpie' spatial criteria for thtj designs. 

-■>- v V^'-"^ ' , / • 

._ ■ _ As pa r t of a greenhouse research bragram- conducted by the Ati^os: 
" pheric Sciences Resear,cli Center ofthe S^at^lfekersity of New York' 

* - at Albany , I^odale Press, Inc. , arid the Museu^n of Northern: Aozo'rta. of , s 

Flagstaff, Arizona, a greenhouse is being developed for the purpose of . 
providing the individual "consumer with vegetables frorivthe home gar- 
. ' den^ It is hoped that the greenhouse will not just supplement, but pro- 
* vide almost all vegetable heeds. The greenhouse is planned to use little v 
i'oj no energy, other than solar,- tomaintain a plant growfh environment ! 
year long in severe, climates, A detailed cost analysis for the initial de- 
sign of the greenhouse has. shown that the materials; will cost^froxh 
. * S2.50 to $3.00 per square foot of groVHpg .area,. ebvered ' (retail prices 
in Flagstaff, Arizona). After material -testing, it is likely -the costs Can 
be reduced SO. 25 to 1 $0.50 per square foot, of growing area. Construe 1 
t " Jion.will be sufficiently simple to be performed by the home owner, 
y , . • himself. The question is: How economical is it to grow your own 'with 
this greenhouse? .. " , ; , _ v 

' ■ Statistics for 1971 show tha't roughly 200 square feet of field space, 
was required to' provide the per capita yearly consumption of fresh 

* and processed vegetables (considering only the 'most important vege- 
* * tables: lettuce, onions 1 , tomatoes, cabbage' celery; carrots^ cucumber^ 

' and green peppers). The greenhouse can be at least '5 times-mere pro- 
duct^ per acre than the field crop, thus requiring 40 square feet of • 
. greenhouse to feed the average person every year. Thus, the capital. in- * 
vestment per person for the home greenhouse space is^between .$ 100 
- . and $1 20. Taking the differehqe between the retail price for vegetables 



purchased, in New York and the average^ 
farm price of those vegetables (the farm . 
price is probably higher than the actual \ 
home grown production cost) yields the 
markup the consumer must pay for vege- 
tables. Multiplying the markup by the 
consumption rate for each vegetable gives 
the potential savings achieved by eating 
home . grown, -fresh vegetables; this a- • 
mounts to.$ 14.09 per person pe^year.fon 
all fresh vegetables in 197-1. Since the 

^markup .for processed vegetables is. at . 

'least twice the fresh markup, the use of , 
home grown fresh in place of processed 

..saves roughly an additjo.nal $28.18. A to- 
tal savings of about $42 p"er, person 8 per 

k yearxcan. be.achieved.The greenhouse capi- 




Jiiit 
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tal investmejit^.can be paid "off in three 
years! The designed life of the greenhouse 
is at least 20 years, giving about '1 7 years" 

v off low cost", lugli qua-lity vegetables. By 
going home grown the savings are not 
really: spectacular';,but theivrteither is the 
amotrntdBft-vegetalMes tht?- average person 

■ consuniU' Perhaps when 'there is little : 
else tojfeat, vegetables will be worth their 

• weight in. gokk Tlvera is no telling wl>4t 
o'the impact ot developing a home grown 
technology will, be — it may sink or swim, 

> we'll see in the years to 'come.. ' 
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: - Th'e paper also presents major alternatives to a possible food disaster in the highly 
populated northeastern, part of the United States.,; , 

't)ave rs,„also- busp'tlesigning and building'the verv excitirrg solar greenhouse shown in 
the photographs above;-** •• - . " / 



Douglas Davis 



Dou« Davis of Gunnison. Colorado,^ has designed a greenhouse appropriate to his area/ 
t using a water storage system heated by hot air collectors made of metal lath inside the unit 
(.see Figure 6*0). The collectors are single glazed, with the greenhouse clear wall serving as 
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a second insulating layer;/ D'avls/ design' utilizes 20 Op al umiri t|ii# beer cat&gl led wtilAvater 
in.a heat storage bin located.un'der.the growing are,a.. A ! 'racl;iant'no^ k|'ej^; tlje interior warm 
at night. Moveable^nsula ting/reflecting 1 shutters also-fedu.ee niglmi-me' hea-t loss and profec/f' 
the glass frqm vandalism, ' •• - . - • * #. ' ■> \ . ' ' "" 

In the first winter of operation, the Davis - %eenhouse helti temperatures in the hi»|> 
40 s in extreme outside conditions of -30, degrees. : \ '■ V' " 

Doug is presently putting together a book on energf conservation in-buildirig design.,, 
tentatively title'd The H eat-Tight House. He also dt%s-consu ltiijg -services on active and 
'passive solar. heating systems, For. "in ore information, write [urn a*': 3 13! h North P.ine Street, 
Gunnison. Colorado 81230. , v ; 



Jliniqs and Elizabeth DeKon/ie 



Jim DeKorne is a familiar name in the; trteratqre of alternate, /rieigy researcli Ke,-is a 
- ji • " .. . a " *«. %. 

regular contributor to'Morhi'K Earth /Vfvw, and'Jirfr.'s latest, book 'The Swvival'Greeiiliohse, 

is an excellent source\ot intormatipn-, par- 
ticularly' in the areas of hydroponics, wjnd" . |"4 
generation and complex .efeosystem des'igp,. 
Jim and Elizabeth have ssh for -themselves, 

the challenging task of building a self- 
* " "- /.• ■ ' 

sufficient life sjyle on /one acre .of semf- 

'arid, high dStittithe land in 'northern New 
Mexico. * *" ' ■ - I > . 

\ Our main" jnterest |n Jim's work con- 
c.erns his use ot varied lite forms. and in- 
dependent power ir| his 1 greenhouse, de> 
s^gns. He. has found Jfor instance, that in 
trodweinc rabbits i lit o his pit sjreeiihous 

; • ft ' . 

improves ^lan't growth. "He believes -that 

. the carbon dioxide ( that the' rabbits exhalt 
compensates to art extent for the. short'' 
photoperiod in' winter months. The De-. 
Kornes are also fond of. rabbit for the 
table, and a paii: of breeding stock will- 
produce a's-mucli protein' in one year, as a 
large heifer provide*. 

J im-'s sy stein iff so incorporates a wind 
generator that" a'-t-qne 'stage of experimen- 
tation, powered an aerator for edible fish ' FIGl|RE 6 1 - ,. . 
that ate soil-aefatine worms whose wastes were use'd to make nutrient solution tor hvdro- 
porricaljy. grown vegetable's. ..quite a system. V „• •' •;. • 

"Hie "only reservation. that Jim has about his original pit greenhouse design is that if 

. was not attached to his house. The excess 'heat vented in the winter could be put to good 

-use. He plans to build ah attached unit this summer. " ' 

I think tlj&t the varied approaches Jim h-as been jnvolved with warrant furtherfe search; 
. Hopefully some new greenhouse builder^, will be interested in developing complex eco- 
systems that- will, 'Contribute to the existing knowledge in this area. ' ». . . .v -* 




Edward and Barbara Storms " -< " • , 

, _ Ed Sjorms decided to build an attached solar greenhouse after attending the 1974 
Ghost Ran£ivBio-Technics conference at which 1 gave a tafk on the'Subject. The greenhouse' 
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and 'a -workshop were to be added to the frame house that he and' Barbi|||||#d- built. Since 
the -addition would have no thermal storage capacity in it's'tframe Walls, Hd decided totn- 
cliide an; active .warm air system- with rock 'storage under the unit. - . 

/^'Ed encountered many 'a do-it-yourself disaster .as he. worked on the project. He had a 
batkhoe .to do the exe'avating;-and it immediately hit the buried .gas line. Then they came 
across a boulder that 'even 'the-, back hoe couldn't budgj^. They built around, it. Ed hired a 
eahcret,e-compan'y-to bring over the mi*. The next.twoJi.ours were the biggest scramble of 

- Completed now, the unit is a clean and attractive' addition to the home (Figure '6 2*). 




FIGURE 6 2 

The design work, for the curved fiberglass/polyethylene face was dene by Mike Wat 901,1., a 
Santa Fe architect^The outer fiberglass is overlaid with molding and bolted to the curved 
steel struts. ThCsmall greenhouse heats lid's 12 x 25' shop-addition. The Storms' installed 
a back-up wood stove that theyjiaven't ha'd to use yet. Heat to the shop is supplied by 
natural convection through the adjoining door. 

The 1 6-cubic-yard rock storage pit has layers of sand, plastic, then Cclotex separating 
it from the'Yiatural volcanic tuft at the bottom of the excavation. Hot air from the apex 
of the unit is' moved down a black plywood duct and through the rock bed. The fan is 
activated automatically when the inside air temperature reaches 70 degrees. Ed's extensive 
monitoring of the temperature differentials in the rock storage- bed indicates that the front 
(south) of the plenum is not getting enough warmth to substantially contribute to night 
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heating. He believes that the temperature -pjrbfile, of ihe,plenifm w^# ; bHii|her and more 
,even if. -he substituted a larger fan for the 6" squirrel cage blower now in use. Overheating 
in the'unit-due to the "all-clear cover could pose a problem^. though some hrgli shading, and 
cross venting should handle it quite easily " / ' — 1 / ."' "• 

The nighttime heating performance of this. design (even without a- larger fan and with 
out insulation for tile cover) is quite impressive. It has^ maintained a 43 degree l^Tw 7 i^.-7^e 
aree outdoor" temperatures. This is good for Los Alamos, at an elevation of 8 ,(ffQ h$ e<t " 
'doe's have "80 gallons of water in drums fox passive, direct-gany storage (see Fig;:' 

the Storms' are diving a refreshing low-energy.exisleAeeJn *the suburbs. They .have * 
some- very creative designs for a small lake and trout stream operation that would utilize*?^? 
rain water captured from the roof of their home. They have also created a well-planned - - 
terraced gardeifjo" receive greenhouse starts,' with a compost area to maximize'organic food 
' production in: a very limit 





Detailed plans of the Storms' 'ereonhouse are available thrQLigh?.t:nergy Systems. 77 
La Paloma. White Rock. New Mexico 87544. 



Owners: Ed and Barbara Storms 
Designers: Mike Watson, Ed Storms 
Builder: Ed Storms 
Floor Area: 1 40 square feet , 
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Clear Area: Fiberglass exterior/602 interior " 

Thermal "Storage:. 16 cubic yards of rocks, 80 gallons of water 

. _' . ^ 

Insulation: l"'styr*pfoam around the perimeter and jock bin 

Material Costs: $7.00 per square foot 

Main Function:- Winter vegetables; vegetable starts. 



Iiee Porter Butler 




Lee Porter Butler, 'a Sari Francisco-based'architect, has'devtloped a' design that corny 
bines natural air cjrcu.latiob features in a unique way. He calls theipassive design a "gravity 
driven heating and cooling system." It is applicable to houses, larger structures and green-- 
hpus|/home combinations. The diagram in Figure 64 shows a schematic-cross section that' 
illustrates the total concept thatMr. Butler has desigiied into several homes (see Figure 65). 



LEE PORTER BUTLER 
■(. i ARCHITECT- PLANNER 
■•* SAN FRANCISCO 



IMTEGRATEO NATURAL 
IENERQY ENVIRONMENT 
NO. T7B 



SINGLE FAMILY DWELLING 




FIGURE 64 
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One interesting aspect 

'of the plan is that the heat 

storage medium is ct>m- 

nion earth from th'e'site. 

The most important tea-. 

lure of the/' design is the. 
double roof and nortffrwall 
construction. If is in effect 
a housel within a house. 
Hot air 'from the green-' 

, liouse is^ pulled' down and 
through the 'storage area 
b'y the eoofer. heavier air 
tliat falls down the north 

' side. This warm envelope 
surrounds the house for 
winter heating. In summer 
a roof vent is opened and- 
ou (side* air is pulled 

_ through, the 55 degree 
earth to cool the green-- 
house and hone. 

' Lee first., built a 4000 
square foot home 'based 
on this design for his fam- 
ily while living in Tennes- 
see. The first winter of oc- 
cupancy a once-m-a-cejiturv ice storm hit. knocking Out : all power lines. and driving the 

nighttime temperatures below zero, .liven though the days were overcast, w ith temperatures 
never exceeding. 34 degrees, the home "held at 70 degrees during the day and didn't .drop* 
below 58 degrees at night,, (with no supplemental heat). Lee opened thctop lewis of the 
home to the large south-facing' greenhouse and raised, the temperatures even more. . " ■ 

' Lee has dedicated the last several years to refining the design and substantiating. his 
data. He emphasizes that the design demands a fpll uiulerslanding of the thermal principles 
that determine dimensions of ducting and constjuctidi^of the storage-facility: and double 
, 'wall. . - ' ' " _ • ' • ' ' 



FIGURE 6 5 



Gresdorv Franta 



" ' Here's an ambitiocts plan for a totally integrated semi-passive dwelling in the alpj|e 
climate of Aspen. Colorado. Designed by dreg f ranta of the Roaring f orks Research C eii- 
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ter in Aspen, it. utilizes earth berm and low profile techniques to Conserve heat (Figure 66). 
-The greenhouse has adjustable dark-on top, light on bottom insulated louvres for collect- 
ing, shading and insulation (clear view type). The sod roof and natural overhang help make 
thS'structure-a cool summer space. ! 




• FIGURE 66 , 

Domestic hot water is supplied by a collector (60 square feet) above the bathroom. 
The water is circulated into a 66-gallon tank by natural thermosiphoning. A Clivius Mul- 
tram compostcr is used for human and kitchen wastes. Back-up heating is provided by 
two wood-burnine stoves. ' • 

The' healed air from the green house"is, blown down into rock storage beneath the first 
story, and that floor receives radiant heal/from the 50 cubic yards of rocks The vents for 
air distribution are- manually operated. (See Fiuure 67.) v ^-~ ^ 

In my opinion, this- design combines nrany oT'the best features of semi-passively lie^f- 
ed homes. The only m a j of loss areas (gain areas) on the south side are all insulated inan'u% 
ally. The bedrooms, where more night warmth is needed, are upstairs. The living, dining, 
and kitchen areas adjoin the greenhouse. It's quite a sensible design and one that dqleTilfs 
on little outside energy to make-it .function. - ..- • 
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Lloyd Wartes and Tim Carpentar % 
' 1 • .. -''^ 

An ihteresting-'design related lo John Todd's earth covered biosphere (^lew Alchemy 
Tnsttiute, page UO) is being developed byLloy.d Wartes. "Wartes is an agricultural engineer 
and designer with over fifty years of experience in a multitude of disciplines. Along with Tim 
Carpentar, a-hydroponics expertrfrom Colorado Springs, Colorado, he has designed a green- 
house that will'maximize natural geologic contours in growing food. Lloyd and Tim expect 
..to see several acres of near-vertical Rockies converted to food production in the coming 

years. " \ ' • , "V 7 

The terraced greenhouse will be built up the side of a steep grade (see Figure 6#j'. 
Heated air will rise from one level to another, producing different environments on each 
level. Using for example three popular greenhouse crops, lettuce would be on the bottom, 
tomatoes in the middle and cucumbers in the warm top section. A Chinese kiln for plants: 
simple a'nd'brflliant. The Same concept could be applied to your own backyard, prdviding 
y^ou are perched on the edge of a precipice. 

- . 105^ 
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Barbara and Peter Vou'te * 

x . . 
, *. 1 v, '.~> ■' ' v 

This unit lias a configuration very similar to Dave MacKinnon's independent grelri- 
house se&n on page 97, Figures £8 and fe. Wtfcas far as I know, thev were designed com- 
pletelyjndependentlyofeach otjier. The south fac.e'is at a 65 degree tilt a;id the cle,ar roof 
section slopes away from the front (toward the north). The two clear panels running the 
length of .the roof are used only in the summer for north lighting. In the wintenthey are 
covered' with rigid styrofoam. to reduce heat loss. ' • > ""*", ' " 
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In designing this unit, I experi- 
mented' with a glazed direct-gain 
wall. I think it's a good idea that 
needs further, development. This 
is how it works. 

The. .coldest area in the green- 
house is in the extreme south bed 
at ground level. 1 knew that if the 
earth there could be heated, the 
plants would do better through 
the -long cold winter nights. The 
south face is framed up on a 16" 
- high by 10" thick concrete wall. 
figure 69 • 1 painted the outside of this low. 

wall dark brown and glazed it with one layer of fiberglass acrylic material. It was well seal- 
ed on the top and bottom. Heat is transferred through the concrete to the earth bed di- 
rectly behind it. (This is like a Trombe wall but has no vents for air circulation.) 

The results were that the young plants nearest the wall showed faster, healthier growth 
, than tho^e farther back in the bed. . 
However, the stored heat wasn't enough < 
to carry some of them through the cold- 
~ esTwinter nignt. When the outside temp- 
eratures dipped to -7. degrees, a patch of 
beans in the front bed froze. Nothfng else 
vv^s damaged, including tomato plants sit- 
uated centrally in the unit. But Dr. Voute 
.was disappointed and he bought a small 
v /electric space heater calibrated to turn on 
. <■ at 45 decrees. . . 
* i,^ To.improve the performance of the di- 
rect-gain walll would: 1 ) make it thinner: 
5" would be thick enough for strength 
arid would provide a higher rate of heat 
transfer to the front bed; 2) double glaze 
the split h low wall; this would prevent 
suchfcapld conduction losses back through 
! the wall at night; Aid 3) insulate the low- 
i er clear wall ( at night ),. 

The Voilte's grow some beautiful 
; flowers and vegetables in this greenhouse. 
;The soil mixture they use is 1/3 city 
sludge from the sewage plant, so occa- 
sionally they'll have a healthy tomato or 




FIGURE 70 
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* chili plant' pop up in an unexpected place. Dr. Voute*has also developed a rather intense 
personal relationship to his unit. Tb paraphrase. t him:."The damn thing's hke a spoiled .pet 
or child; it # rieeds attention all the time. I think we'll skip December and January growing 
next year and take.a vacatioh from it." This is 'said lovingly;, believe it or not. " 



. v 



' Owners: Peter and Barbara Vou(e ' • . ' ' 

Designer: Bill Yanda " ............ > » - 

•Builders: Paul aijd James -{Junker, Bill^ and Susan Yanda • ■ .' : ; 

~ "Floor Area: 160 square feet - - _ 

Clear Aiear* 128 sq. ft. (south face); 40 gq. ft. (east and west walls); 32 sq. ft. (roof) 
Thermal Storage: 3 cubic yards of concrete in walls (approximately 1 2, 00£ grounds) 
and 330 gallons of water • ' . * 

Supplementary Heat: Electric space heater , . 

Material Gosts:j* $4.0,0 per^square foot " ' -„ " 
Main Function; .Vegetable, and flower production for horne use 




Wayne Nichols, Seton Village, New Mexico 

jlf you coujd combine the experience of a Harvard business degree, a year of qoneeh- 
trate|l meditation in Spay^and Italy, several years, working for a multi-national conglomer- 
ate in Los Angeles with the love of playing with mud houses-and a natural bent for philo- 
sophy. ..what would you have? Wayne Nichols, of course. 

pchols is what 1 call a prime mover. He has the ability to centralize the talents'of 
man^ individuals and direbt their efforts into a tangible reality. He has earned the right, to 
wax philosophical because his visions and dreams are based on hard-nosed experience. For 
'instance, how many dreamers in the U.S^have conjured up solar villages aind low energy 
communities? (usually funded with monopoly money). Fve personally heard of about 5000. 
Well, Wayne%as built onef It's out there in the pinons. You can buy a home in the com- 
munity. ..today. Read these excerpts I've taken from a paper Nichols recently wrote. They 
make : more sense than government feasibility studies and they didn't cost you a penny of, 
tax money. " 

,, • - . ■ » 

* .» . 

"Man himself with his fossil fuel, technologically based society and * 
high population levels is in for a crash. Could Americans really change 
if they wan ted^ to? I doubt it. To many of us it would be impossible 
; to adjust to a culture without our machines and their energy consump- 
tion. If wefran out of oil there is a good chance we would fight' rather 
than alter our culture. \ "* 1 

In the end nature always wins. If we continue to act like spoiled 
children wasting our precious xiatural resourcej^nd despoiling our err- r ~ 
vironment, Mother Nature will take corrective action. She" always does. 
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We arc a part of nature and we will carry out the orders for our own 
discipline. 

...As technology has increased, so has our ability to destroy -our- 
selves. To balance this, our ability to- change has increased through 
media to control the expanding threat of technology. Technology is 
belt] in balance by media. It is such a simple formula: man in combin- 
ation with his environment form a single system that is self-regulating, 
self-managing, automatic. As Steve Baer says: 'God is the original pas- 
sive system/ 

In America we can make changes very quickly. We have a rela- 
tively organic political structure,' and a free market system that allo- 
cates resources (capital) very quickly, where we need th,em. Through 
^the, partnership of our incredibly powerful media arid our scientific 
capacity America can change and change rapidly. This quick response 
ability has important survival value for us in {he increasingly competi- 
tive world environment.' ,, 

...The important thing to watch in sotar applications is not how 
many sys'tems are byilt but who builds or buys them. Our experience 
here in Santa Pe is that solar energy is attractive to young professionals 
in their 20s tol30's and to younger well-educated people in general, 
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- especially those in the planning professions. * . ' > 

In Santa Fe many of us who are working^in solar development 
feej we are participating in important work. We are writing history. 
In our search for simpler, more self sufficient and less expensive struc- 
^ lu%es there is a real sense of dedication among, those in the field. 
f ' ..iThe question is: Are these people [developers and buyers] the 
lunatic fringe or are they the main stream of a changing American^ 
"culture? It i& my contention that the wild and wooly experimenters 
out- in New Mexico," Northern California, New England,' Manhattan*, 
and other parts of the cpuntry..are that very important group . of early 
innovators who are 'now adopting life styles and products thatjvill later 
be used on a grander scale. - , * .(. 

The one common, element to many of the houses being built in 
Santa Fe is their relation to nature. The Tiouse is not just a fortress/ 
' against the elements. It is designed to connect the occupant back into 
the natural processes for Jlis own benefit. Jlffe,»house is alive, It func- 
tions. It changes and responds to the out^de environment in a special 
way -that supports and helps the people inside. You might say the" 
home has a sort of consciousness. The structure is an organic protec- 
*tivj skin that the' owner wraps around his family. _ - 
„ * In Santa Fe we are looking for a kind of primal structure. Some- 
one is going to develop a simple low-cost home that gives the basic, 
primal functions of shelter and warmth. We will let you know what 
we find." 

.. " , \ 

^ The preceeding three photographs show some of what Wayne has found. 
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Doug and Sara Balcomb * 

" < ' ■ - ' 
Dr. J. Douglas Balcomb is the same fellow who has published many importantj>apers 
on passive solar utilization. He is also the Chairman o^theNew Mexico Solar Energy Asso- 
ciation. The Balcom-bs decided that they wanted a solarium addition to their home in Los 
'Alamos (not a, prerequisite for the chairmanship) /'This .unusual and pleasing design is the 
result- (see* photograph, next page). . 7 -J . . 

The greenhouse is a 400 square foot addition to their frame" home. Doug admits, "It's 
npt really all for the plafitsi We plan to'spend a lot of time out there." The sawtooth con- 
figuration on the roof and east side combined with, the vertical glass in the south face guar- 
antee no overheating problems in the summer. The west wall, except for the clear sawtooth 
panels in the roof, is opaque. Balcomb is concerned about summer light in the greenhouse 
and plaiis'to paint all interior walls and the panellfhg in the second sawtooth white. The 
eastern wall is designed to allow morning light to flood through the exterior gl^ss and juito 
patio doors to the home. " , * /| " ** h, *#• ., 



' FIGURE 7 4 ' ' ■' ji; 

. Hie loot' is supported by 4" \ I 2" hollow box beams that span- tw enty feet. There is 
a ii^ie'cli drop -irom w est to east tor drainage. The entire solarium has a light open feeling 
W>l a high rooted eathedral. with pine trees growing through the roof. • 

1 hernial storage is both passive, and active. The passive is the earth' hi the floor and 
planting areas. I he active system is interesting because it could very easily be added into, 
any existing greenhouse. 'Hut air is tapped at the apex of the second sawtooth"! the highest 
point ot the greenhouse). The air is blown down ductwork (eight to I 2, inch' ducts wduld 
he about right for a small unit) into a rock-l ilLi&J/Kox. The box could also be filled'' with 
sealed w ater cans or jars. The hot air w aring tin- thermal storage and the air flow /to the 
greenhouse can he operated m several modjes. (See I'igure 75 on following page). 

Doug told me. ""I could lwi\e put the' storage in the floor. I suppose, but tlns' way wi> ( 
can use it as a planter box and show things tin top of.it. flus method appeals to me be- 
cause it eliminates costly or exhausting excavation work. Plants l-ove bottom heat and the 
top ol the box should be" one of the healthiest' areas m -the greenhouse. Also, should any- 
problem^ ,de\ clopjgt the storage or fans, there they are above grade, easy to get to and 
work on. ■ '"• ' ' ■ ,. 



Dr. Balcorab estimates the finished greenhouse wiTr^eost about $2, 500,' and ''more 
hours "oT. my labor than Icare to calculate'." But look at the care and concern that went 
into. the design, the, two pine trees are saved! What a space! . » ' " ' 



& -• 
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' B'uijder^ Designer: Doub and Sara Balcomb. , . 

Cost: -Approximately S2, 500 : » , * . ■ * 

"Size; 400 square- feet " , • • e , - ■ 

, Clear. Area: Double, Thermopane / " * - '• " r 

Vents: 19;sq..ft. lower bottom of south wall;."27'sq. ft. upper in second sawtooth. 
Natural convection or. reverse fail. , '■' ' ' 

H-gat to home: Naturaf-convection through sliding p'atio door, s 
Storage': Above grade box, approximately 4' wide x 3' deep \-2G > long, 240 cu. ft. 
rock filled, 1 " insulation. " "'- ' - 



David Wright 



David Wright is another New Mexico architect doing important work i'n passive solar 
design? The Clark Kimbell and Charlotte Stone home in Santa Fe includes a "gretm room" 
or plant area. The entire honu\ however, acts as a solar greenhouse, as it is»designed to be 
a passive solar collector The two-story south face is double glazed with commercial storm. 




' FIG U RE'7.6 . - 

doors." The continuous eas^/nortii/west \uall as adobe; sheathed with sivrofoam and stucco 
The north corners of- the house are rounded. Wfijiht adopted' this teatureTrom a "D" sji ap- 
ed New tyexaco pueblo (Pueblo BonitoK The'cg-nfiguration tuts down on' north wind ? resis- 
tance. thus reducing heat lossL- vt?';,*'*- <% " \ - ■ ' ' 

Along' \yflh Wright's careful calculation and use of summer/wimer sun aruiles, insula- 
tkon and .lightn'ess. are the most nnportanUsoHar TSa'turcs-of this home.. The roof and sub- 
floor areas are heavily insulated. So is the fronWac% with; an ingenious canvas-covered, 
styrofoam shutter system-, Wright has aptly dubbed \this home the s 'pdobe Thermos bot- 
tle.-" It is over 80 percent solar, with one woo'd stove supplying backup-heat. • 

It is also a delightful living environment, offering jail -the -creature comforts within 
an ecoloeicallv sound desitin.?- ""• •. *» ' ' - 



Figure 78 shows another Wright designed home. 
This totally passive dwelling is owned by. a Santa Fe 
builder. Karen Terrv. It has an unusual orientation 
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Herbert Wade 



Herb Wade has designed a freestanding greenhouse with passive, storag&in the roof/back 
wall area of the structure .(Figure 79). The 6 inch space between the rock storage and north 
• ' . ' wall' creates. a natural convec- 

tion dowftdraft. The cool air 
falls down the wall and out,, on- 
to the floor of the- structure. 
The hot air is, pulled, through 
the* front wire meslvjpnto^ the 
.rq,ck' gnd^ater storage. By ih- 
eluding water drums-, in the 
rbcksl^Hefb is combining the 
be«t features of botlr^storage 




There are about 22,000'lbs;. 
of thermal storage, including 
the water, in this 12' long x 9' 
high x 8'wide greenhouse. That 
i«a„,1ot' of weight But *the tri- 
configuratiofi -of the 
in, suppoftedby.pos'ts 
and me.sh,- should keep it "evenly 
distributed, The greenhouse is 
^. built on pilings v and. includes 

•perime.ter insula tiorj and an an tf-rodent screen. ' , ' * ' o > 

- I think that this concept,of integral wall storage could be appjied to an attached green- 
house; as well. Just allow for the. openings to your, house and tilt the roof southward to. 
eliminate . t-he # roof valley betweeivyour home and the unit. " ' - *" 



A Portable Homemade Greenhouse 

s So.. .you're a reriter, or you move a Jot. You want a greenhouse but don't want to 
leave it behind for the nextoccupants. Here's an alternative-. Build a portable, t>ut substan- 
tial, greenhouse thaYyou can pack up and move" to your, next home: 1 

-This small lean-to was designed as a demonstration model to be moved around to" 
fairs, energy exhibits', schools and the like. It's, lightweight and can be assembled by two 
people. The. largest panel is 8 feet x 8 feet and the panels "fit into a rack oma »ickup tryck. 
Evfen though this is a display o model, the greenhouse is fully^filticrional, containing all the 
criteria for -successful operation found in Chapter IV (insulated opaque walls, double skin' 
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FIGURE 80 



shaded roof, etc.). When we set it 
'tip. we put in black water barrels 
and plants. 

The five plaices (you don't need 
a north wall, that's for display) 
are held together%\\slip pins in 
regular hinges. The intersections' 
of the edges are sealed with foam 
insulating tape. The whole unit 
sets up in about 10 minutes with 
two people., Just set it down in 
front of your south window and 
you're in business. In a home ap- 
plication, it could be mounted on 



.^railroad ties (as explained in Chapter IV) right on the ground, or tm a low block wall. 




F.IGURE 8 1 



17 



Designers: Paul Bunker, John Gait, B-jll Y'gnda * i . 

Builders: Same - as designers with help ffom the New Mexico Organfc Growers Assn. 
■Size: 64 squ'are feetA, /. . . •'. •'.».„ 

Cost! $256 (includes dpubTe fiberglass wails, north wall and No. 1 clear fir, 2x2's for 
strength .and uniformity). Funcied by the New Mexico Energy -ResofSees Board. 
Clear .Ar.fc a': 125 square feet -A* ,r •'<* '■' 

Hardware: 2" sliding "bolt hinges' hoid; planes together; ; £raming members pre-drilled 
en screwed together. with No. 6 2V2?' wood screws." .'" { -" . 

" • HeatingCapability for Borne: ImNew Mexico, approximately 1 00,000 BTU's per day. 



■/ 
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RESEARCH INSTITUTIONS ANP ORGANIZATIONS 
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Sundwellings-Gbost Ranch Project-Ahiqiiiu, New Mexico v. 

'Tli^ Sundvfellings project is jan important one. When the data are compiled and evalu- 
ated .we willjiave an accurate 'accounting of the performance -of various passive systems 
built in the same microclimatic area of identical nd'aterials. Perhaps more importantly,,t-he 
project will demonstrate with hard data' that iow-cosl energy 'systems built of indigenous 
materials are a viable .alternative to plug-in high technological component systems. 




"Waim air- from the greenhouse rises 
•into the room wjhile cool roOrn air sinks 
"into the greenhouse to be heated. Heat 
is scored overnight in the walls and- floor 
of the roam. The greenhouse Is dug 2 l /i 
feet down into the ground to increase 
frost protection. The room can be clos- 
\^ ed off from the greenhouse to prevent 
'""unwanted heat loss or gain. The' North- 
ern New Mexico growing season ' can 
thus be extended from 4 months to l j 
months." x ?. ! 



FIGURE 82 



United States Department of Agriculture 



ft's good to know" that the resources^of .the America|^;g6vefhment, are becoming com- 
mitted to more energy efficienjgreenhouses. Robert C. Liu and Gerald llv-Carlson designed 
the unit shawn in Figure 83. An excerpt from their paper o*n the subject follows: . 



a storage system, 



A solar greenhouse must include a solar collector 
and a distributing "system . It is our concept that fixed, south-facing 
collectors would occupy a position on the roof of the head-house, in- 
side the greenhouse; of the north inside wall of the greenhouse. Placing 
the collectors inside 'the greenhouse should decrease heat loss from 
the collectors and ma/lncrease-their efficiency. The prote"3tion to col- 
lectors' that-would be provided by the greenhouse roof, in addition to 
a possible increase in their-efficiency inside the greenhouse, could Jead 
to the development, of a low-cost, unglazed collector that could be 
used year round for both cooling and heating. Actually, tlie whole 
greenhouse structure is a- collector, and the. excess trapped energy 
should.be stored and reused. ■ ■ 

■ /-.... v: 



H/CTRAN&FER>"<'. 
S0LAR' HEATING 




Sketch of a, proposed' 1 new concept for m* 
solar energy" use in a greenhouse. ^ 



irrtizing 



FIGURE 83 
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The design utilizes both hot air and hot water. The hot water collector, which could 
consist simply of blaesk polyethylene with a trickle and trough gutter- below, is beinglried 
by many of the larger research institutions. ' 

This design is more complicated than the passive approach we advocate, but it is like- 
ly to t be, utilized in large, completely controlled greenhouse environments." A full report 
of Drs.-Liu and, Carlson's ongoing work can be obtained by writing to: United States De- 
partment of- 'Agriculture;, Agricultural Research Service, Northeastern Region, Beltsville, 
Maryland 20705. ' , • ! 



-The New Alchemy Institute *■"■'•' ' >' 

The New Alchemy Institute was formed in 1969 to confront future survival problems 
on our planet and to develop alternative technological solutions to them. Tlje organizlffioit 
lias concentrated its research on. solar heated growing structures and the design of complex 
ecosystems. The institute is perhaps best known for 'its pioneering wor% in the field of 

aqua'cultura. .. ', -„ '' ' . ' • v ' • . '. J, <' ■ \ * ■ ' ■> . 

, ^ ^ne-pr-ojlct that New Al^hehTy is currently.working on is Jhe'desigri and construction'' 
'of a 1 jself contained, structure • that will function 'as -'a, fo'od-apd-er^ergy-pro^ucjng researcrj* 
'.center (see Figure "84) r Lpcated in-Canada, the' "Ark"", will' ihfesraW-ftsb/raisirt£*in- ih\ar' 
pond's with a large 1 greenhouse running the length of fh| structure. The facility will be heat- 
ed by the greenhouse and 800 square feet of s ; olar collectors employing a rock, storage iys-. 
tern. Electrical power for the facility will be supplied by newly designed wind generators. 
,: 'Another interesting design by John Todd of N.A.I, combinesj'eatures of t he-pit' green- 
house in a radical approach to solving the heat' gain/loss problem. Todd designed'nt as a 
fish pond and Peter Van Dresser adapted it to. a pit greenhouse. Only "the south face wotild 
be clear, with the rest of the structure, including the ro<af, covered by an insulating -earth 
berm. AH interior surfaceswould be reflective. The beiuty of this design is that the major 
heat loss area (the entire south face) is- one plane and iuuld,l>e t ightly insulatedlrtnight. 
Since' theso u'th face wo uld be coy ;exej.^ijQnjJ^^periods > it rnnlri he sinfl<> pln/ed 1 



laic- 



izing stabilized-adobes, rough timbers, tin foil, and recycled glass, the unit,could probamy- 
be built for 50 cents per square foot or less. The only possible drawback I, see is that cer- 
tain plants, such as tomatoes, cucumbers and beans, wou-ld block some light frojn the crucial 
side wall reflective surfaces. Hqwever, proper plant location and moveable interior reflec? 
tors might solve this problem. I think the idea has appeal, particularly in low lights-extreme* 
ly cold areas such as northern New England and the upper Gr?a%Lakes region. 



The NevTAlchemy Institute is providing a vital service through its' research into eco- 
logically sound "solid states." N. A. I.- is supported by private foundations and contributions; 
($25 or more entitles you to their annual journal, "a very worthwhile publication that" re- 
views New Alcherny's continuing work. The journals can also be ordered fj,om: Box- 432, 
-Wood^rtoJexMassachusetts 02543 (Volume' 1 is $4; Volumes 2, or 3 , $6-}. /. ' ; • . - 




£ - r ' Greerfhouse^Hea ting .and 'Storage , , , 

'' : Solar Collection: ' 200 ,sq. ft.' of greenhouse glazing exposed to southern sky. 
Storage: 118 yard rock storage behind greenhouse and- 19,Q00 gallon light 
transparent warm water fisli culture facility. ' ' 
Emergency Heat: Resistance-coils .in air ducts. 

Residential Heating and Storage 

Solar Collection: 850 sq. ft., flat plate water, selective black. 
Storage: 2 1 ,000 gallon tanks under living room. 
Distribution: Fan coils 

Supplemental': Woodstove and hydrowind power plant 



University of Arizona Environmental Research Laboratory 

This research center is concentrating on ^tlve. development of integrated systems that 
provide power, water and food. Staff members at the laboratory are experimenting with 
aquaculttire and vegetable production within polye-thylene-covered greenhouses. Plastic- 
lined tanks contain shrimp that feed on organisms living among water hyacinths in the 
pond (Figure 85). 
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/ An interesting secondary project that is being developed is an insulating greenhouse^ 
cover similar to the Beadwall® that injects liquid foam between the plastic layers at night • 

'(see Figure 86 ). s ; . , ' "\ v 

; Another facility created bf the Environmental Research Laboratory exp.antls the eco-. ; 

system approach to include desalination of sea \vat*er..and nutrient preparation for the green- 
house use! This ambitious project is being carried out in collaboration with the University 

of, Soapra and" is located-'at Puerto-Penasco, Mexico .(Figure 87). In this design^ waste heat 



\ 



r * TO" PUERTO PENASQO - ' 



✓ DISTILLED WATEFf BOT TttNQ PLAN,? 

■ -■ <-^, ■* ' * ' « - - : 

' " " ^ VASTER DE'LlVE'ftYjmiCK .. '" 



\ 



Watchman's home 



p-BUtK DISY'lt'CEO WATER" 



BULK-EQU^MEfiT S.TORAGE. 




MARINE BIOLOGIST'S 
RESIDENCE 

CONTROLLED ENVIRONMENT 
GREENHOUSES 

REJECTED SEA WATER TO 
GULF OF CAUIFQfto 



FIGURE 8 7 

from engine-driven electric generators is used to desalt the sea'water. The fresh water is 



"-Hfrgn" p ip pr1 vpoprahlpV within controlled-environment greenhouses of air-inflated plastic. 
The researchers state: ' - 



field agriculture 
eions is extreme 



The concept is applicable to vast regions where almost nothing grows 
and where desaljted water remains prohibitively expensive for open- 
..The principal advantage of the concept for arid re- 
:onservation of water. Moisture lost from field crops, 
by evaporation i.nt transpiration, is enormous, of course. In a closed 
system this mois' Lire can be captured. Estimates are that a plant within- 
such a sealed-in environment uses only about a tenth as much water 
as it would need outdoors. 
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The long range jDoten tial for this 
■kind_of facility is fantastic. The 
Environmental Research Labora- 
tory is presently directing con- 
struction of -their first "large stale" 
installation in the Arabian Penin- 
sula ^ Vikdqmjof Abu Dhabi, 

Lately, the Lab has been putting 
a great deal of brainpower into 
thinking sfnalh The .experimental 
attached greenhouse shown here 
features their >(31earView collector 
on the south vertical face and the. 
liquid foam insulation in the arch- 
ed inflatable roof: The ducpwork shown in the photo is for demonstration and education 
and would not be visible in a residential application. - . 

] m - g " 

\ .' - , , » , ' 

Bear Creek Thuiider/Pragtree Farm/Ecotope Group ' , , 

; " r , - ■' ' ' ' V ■ .. ' 

: I arfi combining -the work of these three groups because th,ey have done a tremendous 
amount of interrelated research in the Pacific Northwest. For instance, tak'e a look ,aH the. 
parabolic north walled greenhouse shown here. It' is'designed precisely for it's geograph- 




FIGURE &9 




FIGURE 88 



ical area, a location noted for fog- . 
gy and cloudy, but mild, winters. 
The solar heated/aquaculture 
greenhouse-' is located at Prag- 
tree Farm (see "Figure 90 ). Howard 
Reichmuth and Jeffrey Barnes 
did the engineering and design 
work on. the structure. From 
Reichmuth -s detailed paper on the 
description and analysis of the sys- 
tem we find : , "■ 

A passive solar heated aqo.iacul- 
ture/greenhouse complex hasbeen 

" built 40 miles "north of Seattle" 
which collects and stores solar en- 
ergy by reflection from interior 
surfaces into a massive Trfterior 

- thermal storage pool. Analysis in- 
dicates that such a scheme offers 
high collection efficiencies through 
low aperature temperature even 
for the case of relatively low qual- 
ity reflectors with ^ = -5 (reflecti- 
vity of nSrth wall). • 

" (In the region )...a solar energy col- 
lection system with a very low ap- 
erature temperature, approximate- 
ly room-temperature, can operate 
efficiently enough to provide up 




. _ . — FIGURE 90 , 1 

to 100% of the space heating needs. Ideally such a low temperature, 
system should be passive, since an active system, collecting at such low 
£t -would require high fluid pumping rates, consuming an unreason- 



able amount of, energy- for the 



collected. 



„_ _ Besid es a .comprehe nsive d e sign analysis in ^tilJ e-^Be^^^a^Qrlle■.e nlightenin 

ments aboui the philosophy that guides Bear Creek Thunder's endeavors: 



The intention in this project has been 'to devise a long lasting building- 
giving a premium to the simplest component choices, even if these 
component choices call for an adaptation in the use of the structure. 
Figuring out how to use the structure is a large part of the creative 
endeavor. " ? , . -\ 



A low storage temperature, high thermal mass, passive building using 
interior reflection is, a productive approach to solar space heating in 
the Northwest. Such a structure can be built durably and economically 



since the components of the collection system are also the building 
, components and operate at Jow temperatures, avoiding degradation 
• due to high temperature; thermal cycling, -as in a .roof or a solar collec- 
tor. Our experience of this buildi'rfg during construction suggests that . 
solar heating whiclr involves letting the light inside the- structure is very 
dramatic and spiritually interesting. If we are "entering a solar age, then 
it is appropriate that it ac'tually feef'ljke a, solar age. 

Howard, told me that the,. only thing they've found so far that they might have done 
differently is riot^use the expensive R-20 insulation around the base of the structure and 
the fishtank. .Evidently, the heat loss to the ground in this location doesn't justify its use. 

Another design is the- Rhombo-Cube Octahedron shown- here. Ken Smith. of Ecotope 




FIGURE 91 

writes: "It's a seasonal greenhouse (April-October) producing crops of Talapia grown from 
spawned fries. The greenhouse is fir pole covered with Monsanto- 602; the tank a Sears 
3000 gallon (12' diameter x 3' deep) vinyl pool liner. It contains 80 ad^lt fish with an ex- 
ternal filter system using a 1 / 1 2th hors'e power pump." ', ' ' \ 

Yet another design being built is the solar greenhouse for a junior high-school. The 
unique feature of this unit is 'the 200 eleven-inch cubic polyethylene clear plastic water 
bags stacked directly behind the south vertical window. 

You can tell from this brief sampling the quantity, quality ami 'direction of this work. 
They are nonprofit research^ groups and aren't exactly fat. If you write themTor informa- 
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tion, be sure to'en^ose a self addressed stamped; "envelope oj you w.on't get an. answer. 
Better yet, send them a donation and put your money to good use (that's my suggestion and ^ 
was never mentioned by thefh). . * ■ ; . . - . \ 

Sear Creek Thunder; P.O." Box 799, Ashland, Oregon 97520'*\ ; % J . 

Ecotope Group; 747 . 16th East, Seattle, Washington 98 1 12' ' *. * 



. . " , > > «t^..>- „ 

- Reichmuth's paper, "Description and Analysis of a Novel Passive Solar Heated Aqua- 
cul,ture/Greenhou%e Cornplex near Seattle, Washington," is published in Volume 10 of the 
Sharing the Sun! proceedings, published by {he k American Section of trie International Solar 
Energy Society. . ' ' ' -/.■•* . . " - - * 



Rural Research Housing Unit, United Statg§ Department of Agriculture, Clemson Univir- 

sity • ' , • \ "* 

■* , - " \ * * ^ 

* \ i / /'^ '-">■.. .;■ * ■ 

* These folks-are' working on a three-year project tp develop concepts; design*, bi^ild and 
mc<mto?residence/greenhouse 'combinations. They are fun^e'd by thp Energy Research and.- 
Development Administration; The following^s from the^paper "Design Criteri^ror^Crfeehv 
house-Residences,'' by Harold I F. ZornigrMartin Davis and T.E. Bond, from the proceedings^ 
of ihe Food an.d Fuel Conference (see*Appendix C). \ / 

- The concepts sjiown were evaluated -by a rnultidisciplinary team, in- 

eluding engineers,, architects, and horticulturists. [The final design] .... T 
^utilizes only the greenhouse as a solar collector and a rock storage sys- * / 

' tern. The [first prototype] ...is ^unique in that it ha£ a roof-top solar / 
collector serving both greenhouse and residence. -Preheated air from • / 

the greenhouse passes .through/the roof-top solar collector before going / . 

into the undetfloor rock slorage-system. or directly into the house. In * . \ 
some areas, a greenhouse sized for the family's food needs may be.stoo r 
small to significantly reduce the. heating load. With this design, "the 
size of the roof-top collector can be adjusted to local heating require- 
: rA^nts. ,- ' • . , ~_, / 

during the summer, the' greenhouse_is .shaded and vented to the out- 
side for cooling. Convection air- movement through the solkr collector 
will draw air from the greenhouse at a rate of one-half air^xchangi 
per hour,. This air is discharged through attic vents that are open Or} 
in the summer.- \ I _ , ' ■ 1 — 

\ A/ 

The house will be* cooled noUurnally during the summer by coaling 
the rock at' night and circulating warm house air through the 
■ during the daytime. This should be an economical method of cc 
in all locations where summer night temperatures average about 
degrees lower than day temperatures. \ »■ 
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" SCHEMATIC SECTION 

- COLLECTOR TO STORAGE CYCLE \ 

_ Fl'GURE 92. , 

Excerpts from the design criteria show : ' % - 



Residence: * 1 • . . - • 

. Three bedrooms, four occupants, 1 ,336 ti sq. ft. floor area, '10,688 ft. 3 

heated space, occupied 50% of the time, one-half air exchange per hour. 

Interior Temperature: . Winter 65°F Summer 75°F 

, Interior relative hurpidity: Wintes.60% Summer 70% : 

Average jDccup'antCCH input: 2 ft 3 /hr (total) 

Average ocqipant O9 demand: 3 ft 3 /hr (total) • * 

Solar Collector: , , . - ^ 

, 320 ft-, average daily efficiency of 40% (Based 'on tests by Rural # 
HojuSing 'Research Unit, Clemson, S.C.) ' J f , ' 

Average' surface temperature: Winter 1 20 Q F, 9 hr., mdimum 140 o F 

Summer 140°F, 13 lir., maximum 180°F' 
Designed rates of airflow through collector duriniz winter operation are . 

• from 2 to 3 ft ^/min/ft- of surface. r ' ■ , 

» Summer convection flow through solar air collection, with 8.5- ft.- \ 
opening and 120°F average temperature will Be about 200 ft/min or 
1,700 ft 3 /in in ' " ' . • . 

K 

Rock Storage: , " ■ . ~ 

1,200 ft 3 of clean railroad ballast (2 in. minus) 

Weight: 94 lb/ft 3 ... ' ^ '•' ; 

.... ' ^ 128 .•'■...,«' 



Heat-capacity: 19 BTU^ft^P^.^. . ' . , ' V ; , ', . 

Static pressure of airflow through rock storage is 0.3 in. H2O in proto- 
type. , . . : . _ , . ' . , , ' .' 
Average winter temperature: , -82^- 

Average summer temperature-^ 70°F . '- ■■ 

Average stored .winter heat: 387,600 BTU (1% days storage @ 40°F 

'■ , : outside) 

, Average stored summercooling: 1 1 4,t)00'I3TU ( 1- day cooling storage)* \ 
Heat loss to ground:-2,560 BTTJ/hr or 6 1,440 BTU /day (based on 4 

BTU/hr/ft^ loss) Rock storage tests by Rural 
> _ ^Housing Research Uhit, Clem son, S,C. 

Greenhouse: ■ ■•.___\ N ^ r ' ,* - \ 

352 ft- of floor area • ' • 

2,800 ft 3 of space ' ' . V • ^ ' 1 

Heat loss by infiltration: Assume 10% in conduction loss • ■ . \ 
Ventilation for codlings Winter— one-half air exchange per minute 

' ■ Summer— one-half air exchange per minute 
. Shading:" 5,0% in summer , , "• . «. ■ 

» Interior. temperature,: Winter— minimum 55 °F, maximum 9Q9F (auxil- 

*ia'ry cooling, cooled with water mist)"* , 
,,. i . ■■■ '' 'Summer— minimum 75 °F,' maximum 105°F 



: - ;( Auxiliary-tooling, cooled with water mist) ,; .. . 
Relative hdrrn^ity,; Jata,uary— avtrage'70%", maximum "9Q% "' _ ■ 

'i ' July— average 70%, riiaximum 100% 
Maximum hours o insolation: January— 9, July— 13 
Insolation' rate: Assume 60%* absorption of available insolation - 
Note: Relative/humidity in winter in both the greenhouse 'and resi 1 - 
. - dence will be controlled by condensation ^on the greenhouse 
.single glas£ exterior*. When the .interior temperature is 9°F. 
above the Exterior -tempera ture~a 90% relative humidity can 
.be maintained. A1°F rise-in temperature is usually associated: 
with' abOUt^a 2%'Mrop in -relative humidity. Therefore, if the 
'greenhouse is at 55°F and 90% relative humidity-, the house 
■at6.5'°F would be maintainedlat about 70%-relative humidity, 
the average for January. ,^ : 

In the summer, relative humidSty and temperature in the green- 
house will b"e controlled* by ventilating all air directly outside 
through the solar collector. A; ventilation rat& of one-half air., 
exchange per'minute-associated with 50% shading should main- 
* tain a'maximum^emperature'of 5 °F over the exterior temp- 
erature, or 105°F during the "hottest (100°F) day. A water 
mist should be used'for additional cooling. , 



The paper concludes by stating: 



Based orf l976 costs, families with annual incomes.tietween $8,000 
and S 10,000 would savembout'$360 in food costs and $340 in heating 
costs. These families would also .be helping to stretch the, world's sup- 
ply of fuel and" fbod. /* - \ •' > . • 



MANUFACTURERS 



Zomeworks 



\ 



Zomeworks and its president, Steve Baef tf need no introduction as innovators in the 
field of solar energy. Three of this.companyy developments have; important applications'- 
to solar greenhouses. , ' ' .' * . ; • ' . , 

' \ ■'■ " v • ' ; ■ " ' : 

ISM The '"BeatiwaH"® "system-seen in 

the .Monte Vista green h6use was 

■ ■'completed « in ' 1973 (see Figure 

Qy)! It was invented -By David 

Harrison of Zomeworks and solves 

,,rhe tricky problem of how to com 1 

bine movable insulation and light 1 
t °: » - i 

transmitting clear surfaces. In -this 
f\ . ■■*'.',. * 

sys-teni, insulating styjpfoam bead's 

are blown im b'etwe'en * the twt> 
/f»n\es of "Lazing (3" apart ) when 
tempeVatures' drop belo-w toler- 
a,ble ^levels. In the morning, or 
when temperatures' rise, a photo- 
cell switch tells the motors to eva- 
* figure 93 cuate the cavity "and 'the beads arc 

sucked back into their .storage .containers. Tve se&n Dave get a standing ovation from audi- 
enc-es at solar conferences whenlie was . demonstrating, this 'device. The Monte Vista,green- 
house was one of the first applications of Beadwall® ahd used six vacuum cjeaner motors 
and storage bins to accommodate the. beads. Besides greenhouse apphcatibnsythis system 
can-be retrofitted or newly installed, in .home windows to maximize directj'gain and almost 
'eliminate heat losses. 1 1 - - i ' ' 

"Nightwall"® is a poor man's Beadwall® in which^ow supply the motive power to 
move insulating panels. They are simply rigid styrene or styrofoam sheets/that are cut to 
fit the exact dimensions of a window or greenhouse clear wall. "Zomeworks supplies mag- 
netic strips ^with sticky backs, small metal contacts to attract the magnets and -an instruc- 
tion sheet to help you puf.it together. When the magn&ts are attached to the perimeter. pf 
the window and the 1 metal- strips are adhered to the styrofoaim 'panel, the magnetic force 
will tightly bond the insulation to the window at night. You remove the panels in the morn- 
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ing for transmission of light and direct gain. As the clear areas in a greenhouse are the, major- 
sources of heat loss in the structure, they are prime candidates for Nightwall® initaliation. 
The ^igid panels could also do double duty as reflectors behind plant beds during the day. 
I tried a Nightwall®- application in the Voute greenhouse. It didn't work too well but that 
was my fault, not the product's. I didn't put enough magnetic strips around"the,perimeter 
and I applied it to a nearly horizontal ceiling surface. Nightwall® will watk-welTon a verti- 
cal or almost vertical surface in a greenhouse. Zomeworks also supplies a chart to show you 
how many BTU's the Nightwall®, can- save on standard sized windows in. various-parts of 
the country. It s amazing what these simple applications can do for you. 4 
A third Zomeworks product 

"with greenhouse potential is 

."'Sky lid"®,'. It's a device that 
uses counterbalanced weights" 
and freon containers to open 
high vents or skylights. Steve 
uses Skylid in his -.home and 
greenhouse. Six sky lids operate 
240' square feet of insulated 
louvres ' to prevent heat 'loss. 
Ba'er's greenhouse also has six 

,. 30-gafton dnim-s-Xor thermal 
storage and 30 tons of rock's. 
This greenhouse .is a ■- sing-lev 

"glaz'ed structure and has held 
'32-deg'ree minimums in 5 de- 
gree- outdoor lows. Baer'is also 
using Skylid mechanisms as pas- 
sive trackers for concentrating 
collectors. (Figure 941 

These acti've and' passive im- 
provements provide important 
options for the solar greenhouse 
owner. As we-noted in Chapter 

. V, the beginner might consider 
the simpler passive approach first. If you. do want-one of the more complex active'systems, 
Zomeworks is definitely the place to go i f s or it. They also sell plans for "bread box" water 
heaters. For more information, write to: 'Zomeworks; P.O. . Box 7 fl; Albuquerque, New 

-Mexico 87103 ■ , 




\ 
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Solar TechnologyJ^rporation 



The Solar Technology Corporation of Denver, Colorado, is one of the few companies 
that presently markets awell-designed solar greenhouse. They olTerlhree attached and free- 
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standing models. Deluxe Solar Garden 

(TM) features "enclosed 'thermal storage 

and a thermostatically controlled internal' 

circulation fan. .it provides for evaporative 

co o I in g' a n d n i gh 1 1 i m e- co o i s t o ra ge d u ri n g . 

the summer. Timer controhed' automatic 

watering, systems and a redwood decking 

coiiiplete'lhe Deluxe Solar Garden." 

These greenhouses' can eliminate the 

nightmares of the klutz builder. S.T.C. 

even offers solar consultants to analyze 

your building site, botanical specialists Jo - 
supervise planting, and ^rdeners to help. 

you maintain a healthy greenhouse envi- 
ronment. If tins sounds good to you, a 
commere.i'al unit may be exactly what you 
need. Just be sure that the design is ap-" 



propria te for, your are? and conditions. For more information on the Solar Garden (TM) 
structures, write to: Solar Technology Corporation, »2 160 Clay Street; Denver, Colorado 
80211. . \ 1 



Hfelion f ^s. 

Helio-n is a gr/Sup of young, but experienced innova tors in muUi-disciplit\s of alternate 
- energy. The founder of the/company, Jack Park, is assisted by Ken Johnson, a chemical 
engineer, and Richard Dehr. Their primary field is wind-powered generators and they have 
licensed the rightsxto a completejine of Kedco (an aircraft components company) high 
quality wind generators. H,elion also manufactures a line of solar water heaters with acces- 
sories and an Energy Source Analyzer which gives a site survey. With completely integrated • 
outputs of wind and solar energy. Naturally, they needed a solar greenhouse to roumfouF 
their-efforts. The greenhouse pictured here is a first generation prototype. It was built over 
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jack's shimming pool, which only goes to show the types 6f changes we all go through 7 . 
The idea yVas to utilize the deep end for a cool a^r source as well as a root cellar. The frame 
over the poo) was covered with plywood and tar papered for waterproofing purposes; The* 
large front window faces true south' a.nd has art incline of 60°. TJie inner 'north side of the 
greenhouse is painted white to reflect light and all .sides except the do,pr are insulated* with 
R-ll fiberglas batts. -Only one 55 gallon drum was installeibejsam 

the light pool covering panels. . ■ ' , : ■•, 

Ken Johnson's explanation follows: ' ,~ 

'-/\ ' V V 

"The nextstep;wa^-to begin planting. Jack; instigated this work in Feb" 

. ' ruary starting wkh lettuce, tomatoes, cucumbers and cantaloupes. On 

4 t the lettuce and tomatoes, an experiment was performed. In some cans 

1 of lettuce and tomatoes soil was used as tl|e growing medium. In other ~ 

j cans of the same vegetables, a hydroponic gravel was used as the grow- 

■ : | ing medium., Horse ( manure leachate was used as a nutrient solution for 

■ i ' j all plants.' During the course of the experiment no real advantage of 
. ■', j using the hydroponic graveKwas observed. However, significant heat- 

. Ting and cooling cycles on the plants occurred during the experimenta- ' ' 
J tion period, causing severe damage to plant health. We can readily ad- 
mit that this flaw -in the .system, is due mainly "to the fact that busy 
^J^pte sqrnetimes forget ta open and^close vents. Work is being done t ">-■ 
VTGQ^rrejit this problem. Ask ^ny psychiatrist. Seriously, we' do still . ■ o 
laffe a, ventilation ^problem and our next I improvement to this green- 
use is to install a roof top wind .turbine to see if this will help draw 
T air through, at- a" quicker rate. If this 'fails, our last resort will be to ' 
' install, a small bathroom fan at the top of the. greenhouse inside, en- 
closed in a plenum chamber. During the day ilie fan would pull pre- 

■ . * . heated air Lip-tojtfieiop of the greenhouse, push, it down between the / 

- double glaze d -windows 8 into a bed of rocks, a heat sintf, then exit. out ' . 

to the atmosphere." '..>-.' ' * ; ■ 

'" * \ T \. '-- ' ' ■ ' .. • 

In addition to those alterations, a shading lip protruding'ouf about 18 inches over the 
•top has D*een added on 4x>" help, cool4jie unit:;The main recommendation of Johnson and 
, Park is toJeave your swimming pbol for swimming and put your greenhouse on sohd ground. 
' With the brain power at Helioh yqu can be sure that any manufactured greenhouse 




or plans would have .the kinks ironed out: Write them for .information: Helton, Box 4301, 
Sylmar, CA 91342. ,< " , ,~ ^; . k • - ■ >*.. 



The Vegetable Factory ' & / '• * ' . ' 

' -r - 4. ■ ■' ' >. ■ * ■ . ■ ' ~* 

The_ Vegetable Factory is "in' the business of manufacturing thermally efficient prefab 
greenhouses. They make "both freestanding and lean-to models. You assemble the section's 
a,t -home? From their literature.. . "Takes t\^.o 'unha'ndy- v 'adults just. four to' six hours to as- 



semble. "Takes no experience. Only ascrewdriver and driiiare needed. "..."For thosVdesirin-g 
^ptal window-clear transparency jn specific areas, a double wall GE Lexan® panel is avail- 
able." • ' . " ' * . ; ... ' 

, The company h^s done extensive testing dn^their double fiberglass-acrylie^alls. Theij - . 
data indicate: -/ — : — v ■-. . „ 



4 . ■ Basically, glass, as a s thermal" barrier, is not very, efficient.. In actual 
practice, a single pane of 1/8" glass, the .thickness typically used in 
greenhouses, conducts 36% more BTU's than a single'pane of the glaz- \ 
ing used in the Vegetable Factory, panels. The Vegetable Factory wall 

panels are 244% more effective as insulators than single panel glass. " 

They are 145% more efficient than double-insulating g|ass, th.e recog- % 
nized standard in energy conserving glazing. The anrtual difference-in v . • 
- fuel heating costs for a Vegetable Factory are reported to be 1/3 to 
1/5 the cost of conventional single pane houses* relative to climatic 
area conditions and type of construction. "* ' ' \" 

Vegetable Factory's patented double-wall construction is 2 rigid' panes-V : L, 

permanently bonded on an aluminum I-beam gridTor separation which . ' 

' 1 —1 creates a '/I'-'fiead air space between the layers of fiberglass. This sub- . ' • 
• stan tidily: recces' the heat loss norrnally^xperierjcidln greenhouses. 

The double-wall fiberglass panels are very light in wejght (each layer 
.025 w^ighs^bout^ lb,, per sq. ft.) eliminating the need for' ; ar££ia&or- . ''»' 
ate, e^peysiveun^erstrtrtrt ure and-foundation. Furthci, tint laigc pansi ^ 
size> : !(3' x'4' for roofs and sides), surrounded with elastic gasketry, 
* eliminates most of the potentially expensive and leaky joints of typi- 
cal greenhouses. Very little of the aluminum structure is exposed, pre- , 
venting a great source of heat loss. . . " . 

■-. ^ Their complete study of the transmission characteristics of fiberglass/acrylic is one of 
the best I have ever seen. The insulating percentages are higher than usual. 

- Vegetable Factory comfmssloned Garden Way Laboratories of Vermont to myestigate 
the food production capabilities of the freestanding and lean-to model. I quote from their 
rep'ort: . " ' '" ' , • 

- Winter, bush varieties of squash are universally poor yielders, plus they 
cross-pollinate with summer squash and zucchini. The latter two should 

be the plants of choice. . 1 " ' ~ _! 

Carrots are' tod 'inexpensive 'to boVier-'with. . , •, 

- F/orgetabou't peas due to their rambling nature and the. fact that.lheir 

.. "yield per foot of space is poor. - 

Four hanging baskets of patio type tomatoes will yield'over a ridicu- 
lously long period and are hardier than most standard,.yarieties. ; 



- The photograph oh" the following page shows Garcjen Way's suggested block planting 
method. This method in a 5'6" W x 12' L lean-to model yields S 245. 64 worth of vegetables 
in a year at F9 73 'retail prices. s . ' 
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Lately, tfre Vegetable Factory has been exploring the solar heating potential of their 
, lean-to models. They have an application on a'private home in Nantucket, Massachusetts, 
based on the same principles as the lean-to designs in this book. For complete literature and 
pricing information, write Vegetable Factory, Inc., lOOCourt Street, Copiague, Longlsland, 
New York 11726 
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Solar Room 



This is a young company witlv big plans. It is headed and founded 'by Stephen Kenin, 
the president of the Tabs Solar Energy Association.* Kenin is no newcomer to solar energy 
applications. He hast worked, for Zomeworks and witlj Hamilton Migel 5 on his home {see 
page 94). Here is his explanation of the ; Solar Room: *' * , 



The Solar Room is a device that turns the southern side of a hom.e^ in- 
to a solar Jieater. Made of a special plastic, a Solar Room can supply 
35*td 65% of home space heating needs. With heat storage and insula- . 
tion options its heating capacity is greatly increased. The Solar Room 
is available- : in kit form and is designed to be an exterior room, seven 
feet wide and as long as space permits; 20, 30 or 40 feet. The longer 
the Solar Room, the more heat is collected. 

Not only a heat collector, the Solar Room is a versatile, inexpensive 
•addition to the home, costing only $2.50 to $3.50 per square foot of 
floor space. It is an airtight, thermally efficient space, 'and can serve as 
a-greenhouse, a winter playroom for children or as "a foyer to the'house 
where coats, boots and-hi cycles can be ^stor ed out of t he winter weath- 
er. As a greenhouse; the Solar Room is, an especially efficient space, 
providing warmth for the household and fresh vegetables for the dinner 
.table. In the Spring the garden can be started early in the greenhouse 
and transplanted outside when danger of frost is pasl 



The Solar Room is also a^take-dowri'' room. Because of its effective- 
ness as a heat collector it is not needed during warm weather, and has 

' f-- 

been designed to take down during the summer months. The initial 
installation requires less than a day's time, and after that removing the 
Solar Room in the Spring arid putting it back again in the Fall' takes 
only a felw hours. When not in use, it takes up little storage space. 



The Solajr Room kit is made possible by the use of .an exotic new plas- 
tic that [resists the disintegrating rays of the sun aad thus lasts for 
years arid years, special 'aluminum ex'trusioni that hold the plastic in 



s an 

place, the best grade of clear heart redwood that will^otrot/iffccon- 
tact with the ground or in rnoisture, and galvanized ribs that support 
"the plastic skin "and will" not rust? The Solar Room is double-glaze d. 1 
which hie an s there are two lay ers_pf pjasIitjAdlh_an-.in sn 1 a t i n g-'-ldead^ 
air" space in b*etween. It has withstood .winds over 60 miles perhour. 

A 30 foot long unit costs ; about $5i)t3 andiTas^rxottector area of about 
330 square feet, a heating potential that is conservatively in the mil- 
lions of BTU's per heating 'season. It has been estimated by the Los 
Alamos Scientific Laboratory that a_solar collector of 330 square , feet 
may supply all of the heating needs of a 1 ,000 square foot house in 
this locale. However, in order to be conservative in the heat rating of 
our Solar Room, we claim that it will supply SO'/fc'bf the heating needs 
^of such -a house. A Solar Room costs a fraction jof the price of any 
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competing, solar heating system of comparable heat collecting power: 



The inflatable poly green house, naturally, doesn't have the durability of a rigid fiber- 
glass or glass house. However, it definitely has an initial cost edge over any similarly sized 
pje-fab solar collector. If the owner takes good care of the material and stores it in the 
summer it might go as long as five heating seasons before replacement of the inexpensive 
polyethylene. That's far beyond the pay-off period. As a' matter offact, in some applica- 
tions-like mobile homes (see photo below), the Solar Room could pay itself off in- one 
heating period. (That's ignoring the food producing capabilities of the- unit.) Any home 
owner getting hit for $150 to S200 a month heating bills (common in many areas) should 
certainly investigate this system. . . ... 
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Besides the , inflatable Solar Room, the company is also developing water headers and 
thermally, designed window box greenhouses. 

Write them for more information at,Box 1377, Taos, New.Mexico 8-7571., 
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^APPENDIX A 



Sun Movement Charts 



The charts can be used to determine: 



1)/ The hours of direct sunlight your greenhouse will receive at any time of the year. 

2.j : How obstructions, will shade the unit. - ;■ 

3j) The altitude of the sun at any moment. .. « " \, 

4) A visualization of the sun's rays striking a flat or tilted plane. ^ 5 

You "will need: • - — ' 



> 



1) A small piece ot/- graph paper. 

2) A cheap protractor. 

3) A straight edge. ' 



Some definitions are in order: 



1) . Sun Path: The apparent (from our viewpoint) movement of the sun through the 
heavens. On our' charts, the sweeping* east-to-west lines- are tire sun's path on tjie 21st or 
22ncLof each month. . ■ /- 

2) Altitude: The height in degrees of the sun from a true horizon. Altitudes are 
shown on the concentric circles at : 9° intervals in the upper right of the charts. ■ 

3) Azimuth: The distance in degrees east or west of true south shown on the radii 
of the charts. . - " ! : 

4) Time-of-day : The nearly vertical lines represent the sola'r (not tinie zone or day- 
light savings) times of day. They are noted across the-top sun path One. 

Here we go! 

" ' ; : ■-_ _„r^^- " . . x ■■■ - *v n ' 

.1 ) ? Tind the chart nearest y our latitude (Figures 100 and 1 01 are for 36° h orth lati- 



- tude.) '. r ' . 

■ '' 2) On a piece of graph paper-draw a scale model of the floor plan of your^green- 
^house^A size of about one half fry one inch fits easily on the chart. Cut 'it out. Y ou may want 

to cut out scale drawings of your home and any obstructions. To be accurate, all models 

must be measured and positioned to the same scale, k f 

3) • ©n .the greenhouse model mark the junction of all solid and clear walls. ~ 

4) Place the model on the chart. By using the azimuth angles, position the model 
in its actual orientation. In our example, the site is facing true south sq .'the jnodel is paral- 
lel to the 90° east-90 Q west azimuth line. The greenhouse center should be in the exact 

• center -of the chart. If you have included a house, trees or other obstructions orient them 
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to scale and position^hern on the chart. . .V 

5) The first/objective is to examine the dura tiQii of sunlight the greenhouse will re- 
ceive at various, times of year. Choose a month and' follow its sun path, noting the number 
of hours the^modeT is receiving direct sunlight. Solid walls and obstructions will shad-6 the , 
incoming light at certain times of day (see Figure 1 00 ).fob serving the; hours of shading will ; 
allos^ou tollesign clear and solid walls to best suit your particular location. 
's^ ... 6) Next, to determine any solar altitude, find the point at which a -chosen time-of-, 
da"y line intersects the sun path line.'NoV find the nearest Cfmcpttrw circle and fojlowit- 
aruund to the degree marking in the upper right That^ the sun's altitude. When yM're in 
between circles^ estimate. " • . . ■• • * 
7) To. better. ..visualize* the. angle of. incoming light, place the flat edge of a protrac- 
tor across the time-of-day/sun path intersection you. are studying wilh the middle of the 
protractor o^er the center of the chart. Take a straight edge and connet££he center of the ' 
protractor to the determined , solar altitude angle on 'the,edge. That-s where the sun is at in< 
that moment of time (see Figure 10 1-). * ••' .-^sgp • * , " 
; -8.) A side view of the greenhouse cut out of paper is helpful in determining light 
.'. patterns -through clear roof areas and sides (Figure 101). By repositioning the solid/clear 
areas in. the model, you should be able to get fnaximum winter sunlight for your location 
and also obtain some summer shading, s • . v ' . - - f 
9 ) This same procedure can be used for any solar application. 
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APPENDIX B 



Planting Chart 



PLANT 



TIME OF YEAR v^',"- ' *' 

VARIETIES LOCATION TO. PLANT SPECIAL INSTRUCTIONS 



TOMATO 



CUCUMBER 



EARLIANA " . 

BIG BOY ' 
MA RG LO BE _ /' 

" MTC H 1 G a"n~0 Hid j 

,ear-ly giru 

'any small variety! 
patio, cherry, pear 
cold set for winter 

- - r ^ 



f FHQNT OF 
GREENHOUSE, 
IN SPRING>6.N 
BACK WA.LL IN 
WINTER- 5 



EARLY SPRING 
M ID-AUGUST T 



ANY TYPE WILL □ Oy 
BUT E U R:0 P.E A N_ F O J^p- 
I N G TYPE S— W H I C H \ 
"PRODUCE FRUIT 
WITHOUT ARTIFICIAL 
POLLINATION ARE 
EASIER'. 



CLEAR SIDE OF 
GREENHOUSE 
IN SPRING. 
BACK WALL IN 
WINTER. CAN 
STAND SOME 
^SHADING. 



EARLY SPRING 
MID-AUGUST 



NEED FULL-PHOTOP^RIIOD. 
POLLINATE BY LIGHTLY TAP- 
PING OISEN BlioSSOMSOR 

s h a k-e^p lan! vigorously, 
train plants op strings, 
trim foliage severely * 
.Wh en in feste d with insects 
a'nd in fall tq pre.vent- 
shading of greenhouse, 
do not cut top growth 
until you a r e" r e a d~y for v 
pl-ant to stop growing. — > 

TOMATQES A.fl'E F»E R E N„N1 A LS 

ane^wijJl bhodu'Ce-for a^ 
long time. '■ .' 

PULL SlicKERS (PO-i/nD IN' ^ 
CROTCH OF LIMBS) OFF. THEY 
CAN BE ROOTED,: ST ARTj IN' 
SAND'pR- VERMICU LITE. 

* r ■ ■ ■ - 

' NEED FULL PHOTOP.ERiOD. 
• POLLINATE WITH A SM'ALL 
BRUSH OR LET THE BEES IN. 
PULL OFF FIRST %EVjERAL 
FEET OF BLOSSOMSFOR BET- 
TER FRUJT SET. ! ": 
TRAIN ON STRING CTR TWINE. 
CAN BE TRAINED TO CLlMB 
ALL OVER THE SIDES AND^' 
ROOF. OF GREENHOUSE. 



PEPPERS 



MELONS AND 
SQUASH 



RED OH I LE 

ANY G R E EN , BELL 

WAX 



■"FULL LIGHT 
■AREA 



EARLY SPR ING 
MID-AUGUST 



WATERMELON 
CANTALOUPE* 



(TALOI 
1PKIN. 




PUMPKll 

•V. HONEYDEW s 

crooknec k^ 
v zucchini 
"aqo r"n v"* 



NEED LIG'h-T^J^ •-'EARLY SPRING 
ANTD-LOTS OF 
ROOM . 
'"FRONT OF 
, GREENHOUSE 



A FY GREENS 



LEAF LETTUCE' 
ENDIVE . . • a , 

KALE 

SPiNACJH 4 J 

MUSTARD GREENS 

CRESS ' 

CHAFED 

COLLARDS 

CHICORY 

CELTUCE a 



MEDIUM LIGHT. 
COOL . 



ADAPT WELL TO SMALL CON- 
TAINER OR BEDS. , 
POLLINATE WlTH SNf.ALL ■ 
BRUSH. , 
BE CAREFUL NOT TO OVER- 
WATER. . , 

'■ CHILE PEPPERS DO NOT SEEM 

TO GET AS-HOT AS THEY DO 
' QUTDOphS: ST I LL DELICIOUSj 
' HOWEVER. 

^•tfItm VfGSTATlON. 

IfGROW OUT THE VENTS-SUMMER 
WILL CROSS POLLINATE: TRY 
TO SEPARATE VARIETIES BY 
DISTANCE. : 



ANY TIME- 
* MAKES THE ''■>' 
MOST SEN,SE IN, 
LATE FALL, 
WINTER, EARLY, 
SPRING 
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DEPENDABLE WINTER PRO-. 
DUCERS. 

HEAD LETTUCE DOES n6t 

HEA'd WELL IN GREENHOUSE. 

PLANT DENSELY, THIN AS YOU" 

EAT. ' •« 

LEAFY GREENS WILL GROW IN 

POTS, ON VERTICAL SURFACES, 

ALMOST. ANYWHERE. 

PLANT UNDER: TRIMMED TO- « 

MATOES OR CUCUMBERS. 

CAN BE CUT MANY TIMES WHILE 

GROWING. * 

WILL GO TO SEED LF TEMPERA- 
TURES GET TOO HOT. / • 

1 .X 




VARIETIES 



. LOCATION 



TIME OF YEAR 
TO PLANT SPECIAL INSTRUCTIONS 



SMALLE^VARIETIES SUNNY 1 




FALL 
WINTER 
EARLY SPRING 



BEETS • *. 
TURNIPS 



RADISHES 



broccoli 
Cauliflower 

CABBAGE 
BRUSSEL 
. SPROUTS 

BE'ANS 



ANY 



MEDIUM LIGHT FALL 

** '." WINTER 



ANY PLACE " ANYTIME 



PLANT THICKLY AND THIN 
OUT. 

slo.w'maturers. 
interplant with tomatoes. 

do well in shallow boxes, 
plant thickly^ but thin ' 
to ai4.ow rootto become h 

LARGE. 

FOLIAGE WHEN SMALL MAKES 
GOOD EDIBLES. 



rHAi/ 



C A L A B R E S E , olT A L I A N MEDIUM LIGHT. LATE SUMMER- 
SNOWBALL „. COOEL EARLY FALL 
GOLDEN ACRE, CHINESE ^ ; FOR WINTER 
■ ' :. HEADING ' 

JADE CROSS 



EGGPLANT 



PEAS 



ONIONS 
SCALLIONS 
• GARLIC* 



PO LE« 

BURPEE GOLDEN 
BLUE LAKE 



BLACK BEAl/TV. 
EARLY BEAUTY 



BURPEEANA EARLY 
BLUE BANTAM 4 
SNOW 
SUGAR 



ANY 
I 



MEDIUM LIGH1 
UP WALLS. 



SUNNY 



SHADY AREAS. 
COOL. \ 



MEDIUM^LIGHT. 



EARLY SPRING,. 
LATE SUMMER: 



DON'T PLANT MORE Th 
YOU CAN EAT, 
EXCELLENT INDICATOR OF 
SOIL VIABILITY: SHOULD 
SPROUT IN '3 - 5 DAYS. / 

SPATIALLY CONSUMING* 
CROPS. ^ 
DO WELL IN POTS. . 
TRANSPLANT WELL INTO _■ < 
GARDEN. 

GREAT ON NORTH WALL OF 

GREENHOUSE. . 

TRAIN ON TRELLISES. 
CLIMBERS-CAN BE USED pN 
' GREENHOUSE EXTERIOR FOR 
SHADE (RED POLE BEANS). 



EARLY SPRINCPOLLINA1:.E WITH SM A LL ,# RUSH . 
THROUGH OR FINGERTIP. 

SUM1VIE%J — TRANSPLANT FROM GARDEN 

•- " BACK TO GREEN HOUSE IN "FALL. 



FALL 

WINTER . ' 
EARLY SPRI 



FALL • 
WINTER. 



STRAWBERRIES EVERBEARING 



SHADE. .: , 
UNDER TABLES 



FALL 



USED TO REPLENISH NITROGEN 
IN SOIL. ,:A . ~~ 

FOUR POLES IN CORNERS, 
STRING LATTICESf ACROSS. 

KEEP SOIL MO 1ST. 
FRESH TOPS ARE GREAT IN 
^SALADS, TRIM REGULARLY. 
START SEEDS IN GREENHOUSE 
FOR GARDEN SETS. 
GARLIC IS AN INSECT FIGHTER," 
EITHER^GROWING OR GROUND, 
INTO WATER SOLUTION. 

LIKE MORE WATER THAN VEGE- 
TABLES. 



ANISE 
BASIL 



WE HAVE HAD TREMENDOUS SUCCESS WITH ALL WE HAvf TRIED. THEY GROW IN AN 
J^OCATION, BUT PREFER MEDIUM LIGHT. MOST DO ,WELL IN COLD WEATHER. 
.BORAGES' .CARAWAY CORIANDER O R EG AN O PARSLEY ' THYM'E 

CHIVES!, CHERVIL TA'RRAGdN M I NT [ALL KINDS} SAGE SWEET MARJORAM 



DILL 



TRANSPLANTS OUT 



TOMATOES 

PEPPERS 

MELONS 

BROCCOLI 

EGGPLANT 

SUNFLOWERS 

CELERY - 

CUCUMBERS 



BEST FOR TRANSPLANT, FROM GREENHOUSE TO GARDEN. DON'T BE DECEIVED. s3 
6 - 8 WEE£S BEFORE ANTICIPATED LAST FROST. THEY GROW FAST. TRY NpT-TO^DISTURB 
ROO.T SYSTEM ANY MORE THAN POSSIBLE: MELON AND CUCUMBErJrWtS ARE EASILY • 
DAMAGED. HARDEN OFF BY EXPOSING TO OUTDOOR TEM PE RA-TdR ES TWO WEEKS BEFORE 
TRANSPLANTING,. GROW IN SMALL CONTAINERS WHEN V^cTcAN : WE HAVE USED JIFFY 
POTS (THjESE NEED TO BE CUT BEFORE BEING PUT INTO THE GROUND JtHEY DO NOT DIS- 
INTEGRATE QUICKLY ENOUGH AND THE PLANTGIWI BKOME ROOT BOUND), EXPANDING 
PEAT PELLETS, STYROFOAM CUPS, M I LK C A RTONS, MACDONALDS' QUARTER POUNDER 
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SQUASH , 
CORN 



CONTAINERS, TIN CANS. IF POSSIBLE, TRA NSPLAN T ON A CLOUDY DAY, SHAD E ,; A N D 

WATER WELL AFTER TRANSPLANTING. . ■• • , 

TOUOT FORGET THAT ALL OF/THESE SEEDLINGS PLUS FLOWER AND HERB STARTS ARE 

BIG SELLERS IN THE SPRING. A SMALL (160 SQUARE FOOT J* SO LA R GREENHOUSE I BUILT 
IN IDAHO SOLD S273.00 WORTH" OF SEEDLINGS ITS FIRST SPRING. THAT WAS o'vER HALF 
THE COST OF THE GREENHOUSE. ■ ' ' 



TRANSPLANTS IN 



TOMATOES 

PEPPERS- - 

EGGPLANT 

MELONS 

ONIONS 

BROCCOLI . i 

PETUNIAS 

PANSIES 

MARIGOLDS . 

NASTURTIUMS 

GERANIUMS 



if you are careful, you can transplant h e a lth y> g a r den crops back into the 
Greenhouse in-the-fall. be su're to check for insects and disease first. get 
all the root system you can, shade and.water them in their new home. 
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APPENDIX C - Ongoing Research 



* ' The following list of papers indicates the amount and variety of \york- taking place in 
universities, institutions and private firms across the nation. Much of the research is>aimed 
. at solving problems for large commercial growers who make their living with greenhouses. 
However,: the work'is applicable'to' every greenhouse situation. Most of these papers' are 
highly technical in nature and you'd be wasting time and resources ordering them unless 
you can understand and use the data. [ ■'■ 

I've tried to present the 'main emphasis of .the papers by quoting fr$m summaries 
or abstracts in order to give you an idea of what the paper's about. In some cases, we've 
used diagrams from the publication-. "\ 

Many of the papers were presented at the Solar Energy— Fuel and Food Workshop 
presented by the Environmental Research Laboratory of the University of Arizona iri co- 
operation with the Energy Research and.Development Administration-and the'United States 
Department of Agriculture: I'm grateful to Merle H. Jensen for permission tts quote from 
the proceedings o€ that conference. The entire proceedings are available for $'5.00. Write 
to the University of Arizona, Tucson Environmental Res^areji Labs; Tucson' International; 
.Airport, Tucson, Arizona. 857Q6. Papers froift thatconferertee are indicated by an asterisk. 
When there are manyTutliors, I've listed t£e first author on the. paper. ' ' ; 

*C. Direlle Baird and David R. ; 'Mears, University of Florida;. Performance ofdHydronic Solar 
-~ GreenhouselHeating System in Florida. " , .. • , 

\- . ' ^ ; * , • ' ■-■ /; • 

•'A full-scale greenhouse located at Bradenton, Florid'a', hks been equip- 
ped with a complete solar heating system. The system/incorporates ; flat 
plate solar collectors, an external insulated storage7tank, forced con- . 
vection water-to-air heat exchangers, ai54 automatic controls<for both 
collection and greenhouse heating modes. Performance data on the- ' v 
various components and on the complete system are presented,- From ' 
the summary. .Jot systems following this pattern of operation, the 
design- temperatures musJJje-low-,rasifitty less than '100°F... however, 
larger storage systems and heat exchangers are required-." ' 



Drew A. Gillett. A Paper on Solar Powered "Greenliouses. Bjialwall Solar Components Divi- 
sion. Manchester, New Hampshire 03103. 

The paper conrpare-s-th^ee sma]l_green houses: 



1 ) A single'glazed-unit with' very little thermal mass. 

2) A single-glazed unit with 1200 pounds of thermal Imass. 

3) -A double glazed, north-insulated unit with 1200 pjaunds of thermal mass. 

Tests were done in .late May. _ 



"...Greenhouse No. 3.. ".had much higher minimum temperatures than 
either greenhouse No. 1 or No. 2. In fact, during^he entire two week 
period monitored,, its minimum) temperature spread never fell below 
55°E, considered acceptable for most plants nighttime temperature. 
Secondly, the average temperature spread for this greenhouse' was Cm 
, the order of 2Q - 30°F which- is also acceptable. The only time in 
which the thermal environment in-greenhouse Ncr. 3 was unacceptable 
to most plants was during a very sunny day following a previously sun- 
ny day. The fan and thermal mass system wasunable to keep, the 'temp- 
eratures below -92°F and in fact rose to^lOO^or so. Under these con- 
ditions it is- felt that some venting must be'incorporated to maintain. 



.o 



I . " "'' *' ■ reasonable temperatures in the greenhouse-"- ■ 

r • • * v : " ■/ ■ ' . • • 

\ / ' ; The paper aiso contains a design sketch of Greenhouse No. 3, temperature. graph 

' . . and data for, test period, an economic comparison of different designs and an understand- 
- : able sales pitch for Kalw^ll'Sdlar Battery Collector Tubes, the water filled fiberglass tubes 
used in the experiment. ' Y 



/^John E. Groh. The University of Arizona. Liquid Foam Insulation Systems for Green- 
houses./ ';. " 7 .'• '■ '! _ ' * ' ' 

■ - ^ " "Liquid foam insulation is a method of reducing nighttime energy losSr i ■' 
es from roofs of greenhouses. This system u tilizes a-liqtiid-based foam 
insulation material placed at night between two' layers of polyethylene 

* in the roof of a greenhouse and hasthe calculated potential ofcreducing 

the night heat losses by, : 85%\ Actual measurements on a test green- 
house have produced overall savings oT47% 5 when compared t6 an un- 
<- .Tdained two-layered 'polyethylene greenhouse." .- . } , .__ . ' 

.:. The system utilizes a foam generator to .blow a s'bap bubble type foam between the/ 
■ air inflated .polyethylene. (See Figure 86,, page 122.) The .foam is drained and recycled. 
^iLi^fee-buijtJles' burst. So far, the system has been., vised only in areas where the nighttinYe 
lows do not get below freezing. Tb% method has large-scale possibilities in the South in Its 
present stage of development. - ?> 1 * _'~-\ f 



f Merle H. Jensen and Carl N. Hodges. The University of Arizona. Residential Environmental 
Control Utilizing a.Combined Solar Collector Greenhouse.' : . 

This paper is an overview of a combination of projects at the Environmental Research 
Labs and how they apply to t&eir home-greenhouse experiment. • - 

% "...The integration and performance of four Concepts in environment- 
al control are "being evaluated: a Venetian blind solar collector (see 
' - P f ek ' thKsection and photo on page 56, Chapter V), rock, storage for- 
'. heated or cooled~air, advanced methods of evaporative cooling and 
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liquid foaming of a greenhouse ceiling for nighttime insulation." 

Of particular interest to me is a section on the vegetable production capabilities of the 
■• unit and planting by "light requirements" of the crop. , ' - 



Table 1 —Selected Cultivars 



" Vegetables 

Pepper 

Lettuce 
Tomato 
• Eggplant 



Culfivar 

Christmas Pepper 
New Ace 

Dutch type 
Summer Bibb 
Salad Bowl 

Patio 

Tiny Tim'" 
Small Fry 

Beauty Hybrid . 
Black Prince - 



Plant or Seed Source 

.George Ball Pacific, Inc. 

Takii and Co., Ltd. 

\ ' . -■ ' . 

Rijk Zwann 

Joseph Harris Co. ' 

Joseph Harris Co. 

-George Ball Pacific, Inc. 
' George Ball Pacific, Inc. 
George Ball Pacific, Inc. 

George Ball Pacific, Inc. 
Tflkii and Co., Ltd. ■«. 



Cucumber 
Spinach 

Radish 

Fruits 

1 Strawberry 

*Banana 
Herbs 

Annuals-ahd 
Perennials 



Patio Pik 



Malabar 



Charnpion or Red Prince 



Fresno 
Dwarf" 

Assorted 



George Ball Pacific, Inc. 
• // p - 

W., Atlee Burpee' Seed 
Growers Co. 

Joseph Harris Co. 



California Strawberry 
Foundation 

Environmental Research 
Laboratory • 



GejpgefBall Pacific, Inc. 



George Ball Pacific, Inc., Box 9055, Sunnyvale, "C A 9408B 

Takii and Co., Ltd., Umekoji-Inokuma, P.O. Box 3091 (Kyoto Cen-\ 

tral) Kyoto, Japan ■ t ~ 
Rijk Zwaan's Zaadteelt en Zaadhandel B.V., Gurgem. Crezeelan 40 

De Lier, Holland * ' ' > ^ 

Joseph Harris Co., Moreton Farm, 3670 Buffalo„Rd., Rochester, NY 

- 14624 / ■ • , 4 . . ; 

W. Atlee Burpee Seed Growers Co., P.O. Box 6929, PhiiadelphiarPA- 

19132 ' ' ' . , 

California Strawberry Foundation, Plants Nursery, 3570'Old Alturas 

Road; Redding, OA 90001 ■■ V 
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K A. W. Gerhart. Gerhart & Son Greenhouse, Inc., North Ridgeville, Ohio, Practical Applica 
Hon of Energy Saving Ideas. 

Mr. Gerhart is a commercial greenhouse vegetable grower in Ohio and his* short paper 



gives some e-xceirerrt dutanon costs, problems and practical applications -his company Mas ex- 
perienced^ Here are some excerpts: * / 

r » 

"...we require two and a half to three people per acre t^'grow a 200,000 
_ pound tomato crop.. .we have 'to spend $24,000, per acre for natural 
, gas...$30;000 to $34 ; 000 for No. 2 he.ating oil. ..and an "estimated 
$18,000 for coal (1975 prices). ..the trick is to burn a cheap coal effi- 
ciently and still satisfy the Environmental Protection- Agency. 

mi '•■'''.<•'*£ 

...when the price of oil went up four times, the price of greenhouse 
. tomatoes did not increase four times. ' -.; 

■ _ . ^ * *-•:.• 
" , ...we have adopted,.. the drastic reduction of fresh air into our plant. 
; We simply do jiot introduce/any fresh air into the greenhouseunless 
- it is necessary tacool_th-e ^crop^We know tlw' plants need carbon di- 
oxide j(C02)~and that many kind's of fungus and bacteria thrive in high 
humidities. We introduce C02'iconstantly, starting an. hour or- so be- 
fore sunup and continuing until two hours before sunset. Our CO9 
generator is water cooled, so most of the mp-isture;is- removed that . 
would be a part of the combustion process. This heat is then released 
into the greenhouse through a heat exchanger or, if the sun is shining, 
the heat is stored in our 100,000,-gaHon cistern until nighttime- and 
then introduced ^the ? green'hb)i's%rOur/ irrigation water .comes from 
^ Jle cistern and generally we irrigate with water of about 80 to 90°F. 
y^We use fungicides to c'pntrol botrlytis and* lea^nolds, a procedure we 
have used successfully the past foi*r years. . v 



next-item of interest is theinstjtotion of aluminum foil behind ' 
our steam-heat pipes to reflect heat =imp into the greefihouse. We use 
building foil with paper on one side anfffpiscard it after the winter sea- 4 
son. ' : : ' I . •' ' . 

For years we have linedour outside walls with plastic sheeting, but 
this year we installed a 4-mil double wall cover over bur glass, antf.in; 
flatecf the cover as is "done in plastic houses. There will certainly be ,, 
more potential in>the future for us to use the double wall system. 

Inside we'haye been experimenting with -p^ethods to improve produc- 
tion without increasing energy consumption. One procedure that seems 
to be effective is to warm the soil to .approximately 70°F. We have 
lowered our. air temperatures' from two to four degrees, and we are 

still getting excellent production. '" . . 

. •>•• 

• » ' " . / « ■ 

Perhaps the most intriguing energy utilization procedure with which '* 

we are now working is the use of a reflective material on the ground 

beds to reflect solar energy back up to the plants. We first started .this 



when a representative of a firm approached us with the idea of using ^ 
this material as' a heat reflector over the top of the crop at night. We I 
were not enthused about this procedure, but offered to testr the ma- • • . . _ . 
„',;"'" terial as a- light reflector on the soil. The first year we showed a ten '[ " ' 
percent increase in production on a small plot. This year we have one - j; 
' fourth of an acre covered with Foylon (manufactured by Duracote), 
and to date we have an increase' of 15 percent over the check areas. 

Also, we use artificial lighting in growjng cucumber transplants. Flo- 
re scent tubes are mounted five to six inches from the plants, with the 

* lights on 24 hours a day ./Two weeks from the seeding date, the trans- ' 
plants are ready for ground beds. We use 100 square feet of area to 

■ grow 12,000. plants. The excess heatt from -'the light Ms used^to help,' " " 
: ( heat our service room." '' * 

At the end of the paper, Mr. Gerhart expresses optimism about his industry beingtable 
to survive the energy cost increases. The entire paper should be required reading for any- 
onethinking about entering tljte comftierciaj greenhouse food growing business. 

La"wand, et. al. Brace 1 Research Institute of McGill -University, Quebec - Canada. Two pa- 
pers— A n Investigation of the Contribution of Solar Energy in Heating Greenhouses in 
Quebec and Tke^evelopment and Testing of an Environmentally Designed Greenhouse 

for Colder Regions. \ . ; — 

It was the Bracelnstitute people who first built and evaluated an insulated and reflec- 
tive north SVall greenhoWe.\(See The Herb Shop, page 87.) They can also claim a great deal 
of responsibility for awakening the scientific community to the idea of thej greenhouse as 
a collector; The first paper isXan-engineering analysis of the total solar energy a test green- 
house in Quebec received in admeasured winter period. The second is on the evolution of 
the tilfed north wall greenhouse. .They also distribute. inexpensive plans for tljeir greenhouse 
and other low cost owner built solar energy devices.'- . ' j -' 

1 

i 

*David R. Mears and .C. Direlle Baird, University of Florida. Developmeni^of a Low-Cost 
Solar-Heating Systennfor Greenhouses. < * 

"A system- has been developed and tested for storing large quantities 
pfweirm water under'a bench in a greenhouse and transferring the stor- 
ed heat to the greenhouse when needed. The unit can be constructed 
bf low-cost material" and therefore can have large storage and heat trans- 
fer capacity. . 

Relatively lqw-cost polyethylene film solar'water heaters have been 
built and their performance characteristics determined. These collec- 
tors would appear to be more economical to operate than convention- , ■' 
al flat-plate collectors at relatively low temperatures." . ■ 



\ 



In this paper the test results on several types of collectors made with inexpensive rtoa-: 

terials and assorted configuratfoks 
_of black poly absorbers, mest 
shadecloth and clear poly cover-\ 
ings are examined. Flow rates and,\ 
efficiencies of heating and losses 
are determined. In the system, the 
_warm water.is then drained off the 
bottom of the collector' and stored 
• in an insulated tank that fits un- 
der the greenhouse benches. The 
warm water in the tank heats air 
moving through a poly tube which 
in turn heats the greenhouse. See 
Figure 107*" ■ , ' 



David R. Meals, et. al. Cook College; Rutgers, New Brunswick, New Jersey, A/ew Concepts 




in Greenhouse* Heating. Published by t 
Joseph, Michigan. 

"Heafi loss due to longwave ir 



e American Society^of 'Agricultural- Engineers, St." 



frared radiation from double filmed, air- 



inflate'd polyethylene greenhouses can be significantly reduced. Me,th 



ods of ^transferring low quali 
posed. Their feasibility is enru 
Industrial waste heat and solar 
sources. 



:y heat from .w^fm water to air are pro- 
need when radiation losses are reduced. 
Collectors zire considered as warm water 



"Robert T. Nash and John W. Williamson, yanderbilt University, .Nashville, Tennessee. Tem- 
perature Stabilization in Greenhouses. 1 , ■ ^ • 

This paper is a technical examination of the strue'tural heat loss coefficient of a test 
greenhouse, the thermal storage coefficient and the heat transfer coeffifient between the ' 
greenhouse air and storage system. '(In this case,, water in drums). It ajso'contains some in- 
teresting observations from other sources: 



"...Many plants require arvariation of the air temperature for optimum 
,1 growth ; Went has established that there will be a best nyctotempera- \ 
<~ ture, of nighttime temperature and a best phototempera-ture, or day 
' time temperature for arfy ]plant...Wellensiek stated. .'.It has happened 

•-' in Holland that very ambitious tomato growers have gotten up in the _ -r" 

middle of tlxe night to heat their furnaces, but nevertheless had poorer 
, cr °Ps than ( their lazy neighbors, who let'4he night temperature'fali " ■ ■ \ 

A - ' ■ . * ■ v • . • ■ ■ • A 

A continuation of Prof. Nash's work with thermal storage is found in Thermdlly Self 



154 



Sufficient Greenhouses published by. the International Solar Energy Society in^Volume 7 
of the Sharing the Sun! proceedings. ' , / \ : 



*John F. Peck, University of Arizona. Basic Sqlar Collector Design/and Considerations. 



■j "This paper jbre^ents-^few-lraslc^rm^ design*-£hd 

^-user.Tfralso^)resents a framework with' which to organizelhevarious 1 * 

~~ " general types of solar 'collectors; that is, a system of solar collector \ - . 

'taxonomy'." ' ' • ' . • ■ \ ' 

There are some easy-to-under.$tand graphics in this pap|er as well as an explanation of 
the University of Arizona's "Clear-View" collector. This Venetian blind 3yp r e collector car\ 
adapt to a variety of operating modes and offers good potential for greenhouse develop-, 
ment (see Franta, page 103 and Improvements, page 56). ; _ ■ . ,\ 

*D.R. Price, et. al. Cornell University. Solar Heaping of Greenhouses in the Northeast. . . 
This paper covers a wide range of topics. To quote from the. abstract: 

"...To reduce heat loss at night front a greenhouse, the researchers 
have investigated various insulation techniques for use at, night that 
- may be removed -during the day. Pulling black cloth along the walls 
and across the ceiling reduced nighttime heat loss by approximately 
50%. r _ ' >, 

\ ...An analysis of using only the greenhouse as a collector versus using 

t a combination of the greenhouse and external collectors is presented., , 

From a cost effectiveness standpoint, there is justification for using 
only the greenhouse as a collector with modifications to improve its, 
efficiency." (Remember, this is upstate New York, not sunny New 
Mexico. ..B.Y.) 



There is also a listing of advantages and disadvantages of Rising the greenhouse as a col- 
lector compared to adding an external sdlar collector ln^the paper. u 



3 OF POROUS 
CONCRETE i 
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*W.J. Roberts, et. al. Rutgers University. Using Solar Energy to Heat Plastic. Film Green- 
houses. . ' ' ' - . ' f . 

. The paper has a section dnTBlack 

plastic water flow collectors sand- 
wiched b'etweeni^evo alt, inflated 
sections of clear film. It also con- 
tains data and diagrams of a'.por- 
" ous concrete floor which acts as 
storage for the solar heated water 
. '(see Figure 108). Theicollection^ 
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FIGURE: 108 



. and storage system are linked together -with an air inflated greenhouse that utilizes amove, 
able black plastic insulating curtain. . . " 1 , ' 

Mr. Roberts Is an acknowledged exper t in-.calculating the heating and venting needs 
for greenhouses and has published a good booklet on those requirements entitled Hear- 
ing and Ventilating Greenhouses, Cooperative Extension Service, Cook College, Rutgers-;, 
The State University, of "^Jew Jersey, New Brunswick, New Jersey (in cooperation with the 
U.S.D.A.) .. • . ' ■ , 



'\Iack'Riittle, A Nice Greenhouse for Nasty, Winters: A U Solar.' Organic Gardening and Farm- 
ing Magazine, September 1976, page 69. ' . i i / ' 

"This lis; a 1 non-technical presentation of Dave MacKinnon's ^work (see page 96) with 
a free-standing solar greenhouse at Organic Gardening and Farming's New Farm. The unit 
maximizes insulation on the north,- east and west walls, the walls losing only 500 BTU's per 
hour at a 30° temperature difference with the outside. The design minimizes. the^ear areas^ 
It also mentions Dave's designs of "rempveable polyethylene panels to cut nighttime' heat 
losses through the clear surfaces. The relationship of low nighttime temperatures (relative 
to conventional greenhouse management techniques) was touched upon. t , 

. , "Bob Hofstetter... claimed superior plant growth in the* solar gifeen- 
\ *v house. Now he feels that constant warm temperatures encourage wfeak, 
\ *' spindly gfowth-and that the cool nights held insect pests to a mini- 
\ ' mum. The solar greenhouse produced excellent lettude, excellent chard 
and even some early spring tomatoes.!'' , 



\- I'd certainly like* to se.e more hard research done in the area of temperature vs. health 
and,, plant growth and increased research in cqld and disease tolerantcr'ops. It's easier and 
ehearjgr to plant, the right seed than gain 10° in January. * \, 



Joel C. Simplins, et. al. Jlu.tgers University, New Brunswick, New Jersey. Reducing HeaJ 
Losses in Polyethylene Covered 'Greenhouses, American Society of Agricultural Engineers,- 
St. Joseph) Mfehigan 49085. \ 5 — ' '/ 

•, - Expensive hard data on the thermal characteristics of various films and'curtain,s used/ 
for exterior and interior greenhouse coverings. i -T- ..„. / 



*Ted H. Short, et. al. Ohio. Agricultural Research and Development Cente'r and the Ohio 
_Sta'te University. A Solar Pond for Heating Greenhouses- and Rural Residences- A Prelim- 
inary Report. „ i% . 

* j * i . , ■ ' 

, The paper explains the problems and potential of utilizing an independent solar pond 
for heating applications. ■ ** 



i J" 



'The solar pond is heated by /solar radiation passing through the salt 




t water to the black liner holding the liquid. As the black liner tempera- \ 
ture increases, heat is transferred to tjieu20 percent brine in tfie- bottom. : 
half of the pond. The heated 20 percent brine rises no higher than the ' * ^ ~ ~ ' 
bottom,layer of the gradient, and cooler 20 percent brine moves down 
t to replace it. The upper non-convective region is nearly transparent to 
f . incoming ultraviolet and visible radiation,- and nearly opaque to Incom- 
\ ing infrared and outgoing long-wave eradiation. One meter (39.5 : • • 
f inches) of hon-conveqtive water is a go&d insulator with a conductivity 
' equivalent to approximately 6 "cm ,(2.36 inches) of styrofoam. Since , 
, , ! , the walls 'are also insulated, losses are ^reduced significantly. ( \ 

* ; f A major advantage of the solar pond is that both summer and winter > 
radiation'jcan be collected and stored for later use. After a full sum- 
". mer's "radiation, the, pond temperature throughout the bottom half 
should apprqach bo'iling. The OAR DC pond will be limited to 80° C 
• (18*0°F), however, to maintain liner stability. This upper temperature - v 

limit will be controlled with discharge heat exchangers or by covering 
the pond with an opaque plastic film." ( 

Greg Stone, Greenhouse .Coverings:, The Choice is Yours,^e,amc Gardening and Farming 
Magazine. September 1976, page 58. _ / ," ,> * 

: . . An- informative, non-technical discussion of the aesthetic, economic arid utilitarian 
factors Involved in ehoosing the clear covering for your greenhouse. Good overalf presenta- 
tion of the multitude of options available. ., 



*J.\V. White, et. al. The Pennsylvania State University. Energy Conservation Systems f of- 
Greenhouses. * ■ , - ' ^ .• - •' «. 

Testing and evaluation of thermal blankets and the problems involved in installation^ 
arrd maintenance are discussed in this paper. Also, some "significant generalizations" con- 
icerning the 'use of phase change solution such as, salt hydrates and aqueous eXitectic are 
presented. The Penn State research concluded that "...the utilization of conventionally- 

h constructed lapped glass greenhouses as solar collectors does hot she* w pptential in Central ' 
Pennsylvania between November 15 and February 15." (If'this seems t,b be in contradic- 
tion to the D.R. Price paper on Neyv York greenhouses as collectors^ you'll have to. check* 
out the parameters for ypurseJf to decide.) The paper also includes interesting sections on 
utilizing stagnation in greenhouses and a self-fogging roof. •-• • •• ;. 

• < ' " * 

*James B. Wiegand. President, Solar Energy Research Corporation; Granite Building, 1228 
15 th Street, Denver Colorado 80202. Greenhouse Solar Heating: Techniques and Esono- 



mics. 



"The modes of operation and performance testing dorte. at Solar Gar- 
dens, Longmont,'Colorado, are evaluated. Alternate schemes and con- 
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* figurations, of solar heating- in* green-house structures' are discussed..and'r, . 
a cashflow analysis for a trial project is exhibited. Products useful in' : . ; 
greenhouse solar heating, including controls available now',' and coUec- • . ' 

( tor and heat storage systems available soon< are discussed'briefly. Prac- 
tical considerations in adapting existing greenhouse structures'to solar ' 
• "heat are discussed:'" * - ■ . 

*V...* -. • , --• - ■- ( . % ■ ■ ■ , " 

Mr/ Wiegand provides some -"honest pros and cons for'-applying solar technology to" 

existing buildings. However, I'm skeptical about his 20 year "cashflow analysis"" oh a solar 

greenhouse... I occasionally have -to do those things myself. ' ' * ',. : ' " * ■ 

«. , ^\ " ' • ' ...•■*'.•' 
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